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million readers* every month. 


POPULAR SCIENCE reports on excit- 
ing new scientific and technological 
advances; uncovers new product 
developments while they're still in 


the labs and on drawing boards, and 
follows their progress to the 
marketplace. 
By the time these new products reach stores and showrooms, 
the POPULAR SCIENCE reader is already pre-sold, and thus is among the 
first to buy. And with an average household income of $46,000", he's got the means to buy. 


It's not surprising then, that 7596 of our subscribers turn to the magazine to help them 
make their buying decisions. 


When you tell the POPULAR SCIENCE reader about your product, you're not interrupting 


his entertainment. Instead, you're giving him more of the very kind of information he 
buys the magazine for. 
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Two-sided galvanized 
steel on all exterior 
body panels except 
the cab roof. 


New rear suspension 
with longer leaf-springs 
fora smooth ride: 


More total cab room 
than Ford or Dodge. 


Two-tier loading. 
indentations in cargo- 
У box sides let you 

\ build а platform of 
2x6s across top of 
wheelhousings. 


Heaviest base pay- 
load rating of any 
half-ton pickup! 


Highest highway gas 
mileage of any full- 
size pickup": EPA 

est. 23 highway MPG. 
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Frozen tools 


After a slow descent to — 300 de- 
grees F and back to room temper- 
ature, steel and other metal tools 
may wear better. Yet this inexpen- 
sive process is not widely used. 
Why? The treatment doesn't always 
work, and it has not been proved 


scientifically. Page 64 
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World's biggest 
machine 


If Congress approves its construc- 
tion, the Superconducting Super 
Collider will be the largest device 
ever, and one of the costliest— 
about $4.4 billion. Its purpose is to 
plumb the mysterious domains of 
particle physics in search ofthe ba- 
Sic entities and forces that govern 
the nature of all things. Page 56 


Sliding-seat 
dory 


A cross between a fast rowing 
Shell and a weekend family boat, 
this nimble craft is built from 
thin plywood bonded and sealed 
with epoxy. No metal fasteners are 
used on this one-seater. Page 84 


Pick of the 
pickups 


These hard-working vehicles fea- 
ture engines with fuel injection, 
anti-lock braking, top-handling 
suspensions, and stylish interiors. 
We stage a showdown between four 
new American pickups. Page 26 
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Get the right hitch © 
installed fast by Hitch World experts 
at your U-Haul Center 


For whatever you drive, for whatever you tow, Hitch World 
has the hitch you need 
Installed While You Wait 

If you need to get your hitch in a hurry, Hitch World can 
install one while you wait. With an appointment, most hitch 
installations can be completed in 30 minutes or less. 

And you get expert service from a qualified Hitch World 
mechanic. Our professional will select the hitch that's designed 
for your vehicle and your towing needs 
Top Name-Brand Hitches 

At Hitch World, you get a top name-brand hitch 
by manufacturers such as Draw-Tite* and Reese.* 
Plus you'll find a complete selection of lighting 
hook-ups and other towing accessories 

Hitch World can also do custom fabrication 

for unique vehicles and towing 
needs. And you always 


Ex REESE 


get a competitive price at Hitch World. 
Lifetime Nationwide Warranty 

More than 1,200 Hitch World Centers acros: 
the U.S. and Canada stand behind your hitch ai 
its installation for as long as you own your vehicle. 

What's more, you get convenient service. That's because 
Hitch World Centers are open 7 days a week, year round-to 
serve your towing needs. 

The Towing Leader Since 1945 
Hitch World, a division of U-Haul,” draws from over 
40 years of trailer towing knowledge. The Hitch 

World name ensures that you get state-of-the-art 
technology for your towing needs. 
Get towing today with the right hitch from Hitch 
World. For the location nearest you, find us in the 
Yellow Pages under Trailer Hitches 
For a free Hitch Guide, write: Hitch World, 
Dept. PS7, PO. Box 21503, Phoenix, AZ 85036. 


More for your money at your U-HAUL center 


Readers Talk Back 


Multi-switch mistake 


TWO-WIRE 

CABLE W/GRD. 
GROUND TO 
METAL BOX 


A label in your diagram of multi- 
Switches [“Wiring Multi-Switches," 
Jan.] might be confusing to some peo- 
ple. It would seem to suggest that the 
black (“hot”) wire should be grounded 
to the metal box (zap, goes the fuse), 
when actually the green (bare) wire 
is the one to be grounded to the metal 
box. 

Paul Duerr, Tucson, Ariz. 


Right you are—an arrow was left off. 
the artwork. The grounding symbol 
to the box is correctly shown as a pig- 
tail from the green wire in the center. 
—Richard Day 


Two-stroke meets emissions 


Iread with interest your article “Сап 
the Two-Stroke Make It This Time?" 
[Feb.], but I don't agree with the state- 
ment that no motorcycle or automo- 
bile with a two-stroke engine can pass 
emissions tests. The Yamaha RZ-350 
is a two-cylinder two-stroke motorcy- 
cle that has been in the US. since 
1984. 

B. Wilborn [no address] 


You're right. Yamaha offered the 350-cc 
two-cylinder two-stroke RZ-350 motor- 
cycle during the 1985 and '86 model 
years. It was equipped with a small 
catalytic converter that made it emis- 
sions-legal in all 50 states. The model 
was discontinued due to slow sales, al- 
though some leftover bikes may still 
be in dealers' showrooms. A Yamaha 
spokesman said that a similar engine 
could be built to meet 1987 emissions 
standards if there was demand for it. 
—Stuart Brown 


Sometimes late, but alive 


As a pilot who has spent over three 
years in the air, I enjoyed your article 
on wind shear [March]. My experi- 


Address letters for this column to: Readers Talk Back, POPULAR 
Science, 380 Madison Ave., New York, М.Ү. 10017. We are 
unable to acknowledge unpublished letters. 


ence confirms Tetsuya Fujita’s determi- 
nation that typical microbursts are 
“about a mile across, lasting about 10 
minutes.” But when he says, “. . . there's 
no way a pilot can fly around all of 
these small rain clouds," he is mis- 
taken. If “wet microbursts are associ- 
ated with... а rain shaft marking the 
spot where the microburst descends," 
and the Huntsville study showed that 
*one hundred percent of the micro- 
bursts occurred in heavy rain,” wouldn't. 
it be prudent to avoid that heavy rain? 
A 30-minute holding delay is a lot eas- 
iertoexplain than 135 killed—includ- 
ing the pilot. The conclusion we can 
draw from this fine report is that any 
captain who elects to land when there's 
a thunderstorm within five miles of the 
runway—especially at the approach 
end—is asking for it, because in less 
than half an hour the danger will no 
longer exist. 

Bud Eleson, Belmont, Calif. 


Canada's the SPOT 


In your February article “SPOT-ing 
Earth from Space,” you failed to men- 
tion two important receiving stations, 
located in Canada—Gatineau, Que., 
and Prince Albert, Sask. All of the 
US. coverage is recorded at these two 
stations: the East Coast and Central 
States at Gatineau and the West Coast. 
at Prince Albert. 

Simon Methot, Kanata, Ont. 


Put the right shoe forward 


In March's *Car-Care Quiz" I was 
confused about the first problem con- 
cerning brake-lining wear-down. The 
description of the problem seems ac- 
curate; however, the drawing accom- 
panying it shows the vehicle in reverse 
gear (according to the rotation arrow) 
when your description is applied to it. 
Was the drawing used to show the 
error or the correct application? 

L. V. Nease III, Savannah, Ga. 


The drawing shows the error. The trail- 
ing shoe was installed facing forward, 
which caused the rapid lining wear. 


Cheaper short detector 


In your February article “Short Cir- 
cuits," Bob Cerullo mentions a short- 
circuit detector called Shortell. I’m 
sure this is a fine tool, but $70 may 

Continued. 
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Wha sets Passport above other detectors is 
insistence on excellence at every design step. 


detector technology.” Here's why: 
Double-ridge waveguide: It was 
always taken as gospel that miniaturizing 
a detector would hurt performance. Passport 
proved this wrong. The miniaturized horn 
antenna feeds into a double-ridge waveguide. 
Dual compound chokes are required, and the 
notch filters are press fit to exact depth. The 


payoff is indisputable. Passport's performance 
is uncompromised by its discreet size. 
Rashid rejection: In another engi- 
neering first, our detectors have been made 
immune to K-band signals transmitted by the 
Rashid VRSS 
collision 


tem. Other 
RADAR RASHID 

duce false alarms in the presence of Rashid. 

Our AFR™ (Alternating Frequency Rejection) 


yet leaves the radar detection capability un- 
diminished for your protection. 

X-K differentiation: Passport has 
separate warning tones to distinguish X-band 


radar is just one of many transmitters assigned 


this frequency. When you hear the X-band 
warning, you respond accordingly. 

But just two transmitters operate on 
K-band — radar and Rashid. K-band radar's 


K-band warning is positively radar, and you 
always know how to respond. 


© 1987 MI 


the technical reach of our engineers, and their 


Road & Track called us “the industry leader in 


design process was incredibly complex. But the 


warning sys- 


detectors pro- 


circuitry isolates and neutralizes Rashid signals, 


from K-band. The difference is important. Traffic 


to X-band by the FCC. Motion detectors, burglar 
alarms and microwave door openers also share 


short effective range requires immediate response. 
Since our AFR circuitry rejects Rashid, Passport's 


Variable-rate warning: On radar 
contact, Passport's bar graph of eight Hewlett- 
Packard LEDs indicates radar strength, and you 

will hear the audible 

warning — pulsing 

slowly at first, quicker 
as you approach, then constant as you near 
effective radar range. Our engineers have 
preprogrammed the warning system to tell you 
everything you need to know about radar. 
Passport asks no further programming of you, 
unlike many lesser detectors. 

SMD circuitry: Passport's miniaturiza- 
tion was made complete by the use of SMD’s 
(Surface Mounted Devices), micro-electronics 
common in satellites but long considered too 
exotic for radar detectors. SMD circuit boards 
also provide ruggedness unobtainable with 
conventional technology. 

Compact dimensions: Passport was 
designed to be the most discreet detector ever — 
only 0.75" H x 275" W x 450" L. On guard, 
it never draws attention to itself. 

Die-cast aluminum housing: The 
antenna is integrated into Passport's die-cast 
SAE 308 aluminum housing. This way no 
amount of abuse can ever shake the antenna. 


Call Toll Free 800-543-1608 
(Phone Mon-Fri am-lipm, Sat 9-530, Sun 10-5 EST) 


PASSPORT 
RADAR-RECEIVER 


$295 (он те. add $1623 tax) 
Slightly higher in Canada 


em m 
БӘ D Ê 


Cincinnati Microwave 
Department 31667 
One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


Why Passport is the most expensive" 
radar detector in the world 


loose, and Passport's precision electronics are 
protected by a rugged metal vault for durability 
under extreme conditions. 

Nextel finish: The alloy housing is 
finished in charcoal Nextel — a light-absorbing. 
coating — to eliminate all possibility of reflec- 
tion and glare. 


‘Twin speakers: A fully adjustable 
volume control allows you to set the loudness 
of the audible warning from twin speakers. The 
warning tone is 1024 Hz, identical to that used for 
Morse code, for maximum clarity yet minimum 
annoyance, 

All accessories included: Passport 
comes complete with everything needed for 
installation in any car, including coiled cord, 

FA > 5759 straight cord, 
windshield 

d ay e mount bracket, 
E | 9. visor mount 

ч bracket, hook- 
and-loop fastener, lighter adapter, direct-wire 

power adapter, and comprehensive owners 

manual. A leather travel case is also included. 

Satisfaction guaranteed: We engi- 
neered Passport, we build it, and we sell direct 
to you. We take full responsibility for your 
satisfaction. If you're not completely satisfied 
within 30 days, return Passport. We'll refund all 
your money, including postage. 

Now. ..same-day shipping: Call us 
toll free with your questions. If you decide to 
buy, orders in by 3:00 pm eastern time Monday 
through Friday go out the same day by UPS, and 
we pay for shipping. Overnight delivery is guar- 
anteed by Federal Express for $10 extra. 

Passport's price reflects the exacting 
standards of our engineers... and of our 
customers. 


Ж Based on lowest price offered for dash-mounted detectors 
in leading auto magazines. 


Readers Talk Back сг 


be a little steep for the average home 
mechanic. From the description in the 
article, this tool seems to resemble a 
short-circuit detector made by K-D 
Tools (model KD2524) that retails for 
around $15 at any auto-parts store 
selling K-D tools. 

Gary A. Smith, Visalia, Calif. 


You're correct. Easco K-D Tools (3575 
Hempland Rd., Box 3767, Lancaster, 
Pa, 17604) does sell a short-circuit de- 
tector. The suggested retail price is 
$20.30. It’s not as elegant as the more 
expensive Kent-Moore Shortell, but it 
works in much the same way.—Tom 
Wilkinson 


Rear-feed printers 


I think the design in April's “Word- 
less Workshop" for catching pages as 
they leave the printer is a very good 
one, but there is one problem. Most 
printers do not accept the feed paper 
through the bottom, but from the rear 
instead. 

Tony Alviar, Ohiopyle, Pa. 


Dividing up the pi 


After reading the short article in "Elec- 
tronics Newsfront" [March] And the 
Answer Is... , I read in Science News 
that the Japanese have computed pi 
to 134,217,700 digits. That's quite a 
far cry from the 29,360,128 digits you 
reported. Although it took the Japan- 
ese about two days to compute, it is 
still proportionally far greater than 
what the Cray-2 has produced. Will 
the Far East continue to surpass us 
so quickly in electronics? 

Jeff Daly, Ames, Iowa 


Before this letter is printed, the record 
will likely be beaten again. 


Trickle-down safety 


Inthe January 1980 POPULAR SCIENCE, 
there was an article (“High-Tech Cars 
for the Mid '80s"] on two research 
safety vehicles, Calspan Corps RSV 
and Minicars Inc.’s gull-wing RSV. 
What ever happened to those cars? 
Will they ever be sold? 

Bill Weaver, Seattle, Wash. 


Safety car programs tend to come and 
go with availability of government 
funding. Though the RSVs never got 
close to production, many of their fea- 
tures have been incorporated into 
today's cars. Energy-absorbing body 
Structures are now common; and elec- 
tronically shifted transmissions, anti- 
lock brakes, and air bags are available 


on many cars. Other ideas like run- 
flat tires and radar braking are still 
under development and may appear in 
the future.—Tom Wilkinson 


$400 richer 


Replacing all ignition parts and ad- 
justing the carburetor failed to correct 
the rough idle on my 1977 Oldsmobile 
Delta 88. A compression test indicated 
it might be time for a $400 valve job. 
Fortunately, I waited, because your 
December '86 *Car-Care Quiz" saved 
me the money. After reading the entry 
on rough-idling engines, it took me 
five minutes to discover the real prob- 
lem—a %-inch crack in the cruise- 
control vacuum hose at the intake 
manifold. Thanks again! 

Russell L. Miller 

Douglasville, Ga. 


ROVAC revived 


I am writing in response to the No- 
vember 1986 “ЕТВ” letter inquiring 
about the ROVAC air-conditioning sys- 
tem. А recent letter mailed to ROVAC 
stockholders included the following in- 
formation: From late 1983 to late 1984 
“а small research group at Stafford In- 
dustries in Rochdale, Mass., favorably 
evaluated the ROVAC technology. 
Management at Stafford believed that 
ROVAC's technology could be applied 
to new business opportunities in sev- 
eral industries, including air condi- 
tioning, heat pumps, air compression, 
and small-scale electric power gener- 
ation." The letter adds that ROVAC is 
back in action, "developing for manu- 
facture small-scale Rankine power 
plants that will produce electricity 
from hot water or low-grade sources 
of heat, and high-efficiency heat 
pumps." 
Phillip Lehrbaum 
White Plains, N.Y. 


High-priced candidate 
In your April car test, why did you 
include the Mercedes-Benz 300E— 
which costs about $18,000 more than 
the Sterling and $13,000 more than 
the Cadillac—rather than the 190E 
Benz, which is in the $25,000 price 
range? 

William P. Miller, Pensacola, Fla. 


We chose the 300E because it is sim- 
ilar in size and performance to the 
Sterling and Seville, whereas the 190E 
is a good bit smaller. Also, we tested a 
190E in August 1986, and we like to 
fit as many different cars as possible 
into our test schedule.—Tom Wilkinson 
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If youve got a talent for fine woodwork- 
ing, youll want to get your hands on the new 
Skil 7565 Professional Palm Grip Sander 

Field tested by professionals for over a 
year this high performance finishing sander 
" offers you the perfect balance of power and feel. 
j Its powerful direct drive motor delivers 
“ аѕтооі 13,000 orbits a minute while its compact 
size gets you into the tightest comers to flush 

sand on three sides. 
With it, you can do a faster job with more 
control and less fatigue. 

Next time you're at your hardware 
store or home center ask about the new 
Skil Pro Line of Professional Power Tools. 

If you're more than a beginner 
the Skil 7565 Professional Palm Grip 
> Sander is one 
— tool youll want 
to finish with. 


POWER NEVER FELT BETTER 


E Skil Corporation, Subsidiary of Emerson Electric Co..4801 West Peterson Avenue. Chicago. IL 60646. © 1987 Skil Corp. 
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Science Newsfront 


By ARTHUR FISHER 


Super-duper computer 


Last March the world’s most advanced 
supercomputer system became opera- 
tional at NASA's Ames Research Cen- 
ter in Mountain View, Calif. Named 
the Numerical Aerodynamic Simula- 
tor, it will be devoted primarily to 
cutting-edge exploration of aeronau- 
tical design. One example is this sim- 
ulation (above) of the pressure con- 
tours over the body of an F-16 fighter 
traveling at a speed of Mach 0.9. But 
the system will also be used to grap- 
ple with a wide variety of problems 
requiring major increases in computer 
power, such as genetics research, mod- 
eling the weather on Earth and other 
planets, simulating complex chemical 
and physical cycles, and studying 
the formation of galaxies and other 


A NASA supercomputer generated this pressure flow study of an F-16 plane. 


cosmological puzzles [see “Solving 
Unsolvable Puzzles with Supercom- 
puters,” May]. 

The Ames system is one that will 
evolve. At any given moment, it will 
use the two fastest supercomputers in 
existence. It is now being driven by 
the most advanced version of Cray Re- 
search’s Cray-2, which can perform a 
steady 250 million calculations per 
second and has a stupendous 256-mil- 
lion-word internal memory. Later this 
year NASA will acquire a second su- 
percomputer, which will boost the sys- 
tem’s capability to a sustained one bil- 
lion calculations per second. 


Pluto shrunk 


Pluto, the most remote and mysteri- 
ous of the solar system’s planets, is 


even smaller than recently thought. 
Two German astronomers from the 
Berlin Technical University, working 
at the European Southern Observa- 
tory on Mount La Silla, Chile, report 
that they have accurately measured 
Pluto’s diameter for the first time. 
Their finding: 2,200 kilometers. 

Manfred Pakull and Klaus Reinsch 
tracked the path of Pluto’s moon, 
Charon, as it circled the planet. Anal- 
ysis of the changes in light readings 
from Pluto’s surface led to the new 
calculations, which also show that 
Charon’s diameter is 1,160 kilometers, 
and that it moves around Pluto in a 
near-circular orbit at a distance of 
19,000 kilometers. In this weird sys- 
tem Charon accounts for 13 percent 
of the planet-moon mass. Earth’s moon 
accounts for no more than one percent 
of the Earth-Moon mass. 


Superconductor surprises 


The world of physics is in a turmoil 
unseen for many years. The reason: 
The discovery of superconducting ma- 
terials whose transition temperature 
—the point at which they lose all 
resistance to the flow of electrical 
current — is far higher than ever 
achieved or even thought possible 
before now. 

For more than 60 years after the 
phenomenon of superconductivity was 
first discovered (by Dutch physicist 
Kamerlingh Onnes, in 1911), experi- 
menters were unable to make a su- 
perconductor that would operate above 
a frigid 23 degrees Kelvin, or – 419 
degrees F. The materials must there- 
fore be cooled by liquid helium. But 
since last December there has been 
blinding progress with the develop- 
ment of new ceramic materials. As of 
this writing, a complex oxide has 
proved to be a superconductor at an 
astonishing 95 K, well above the boil- 
ing point of liquid nitrogen, which is 
Т1 K. Liquid nitrogen is a cryogen that 
is far cheaper and easier to use than 
liquid helium. 

The implications are stupendous. 
High-temperature superconductors 
could lead to vast improvements, at 
feasible costs, in microprocessors, 
medical imagers, magnetic-levitation 
trains, supermagnets, electrical trans- 
mission lines, and supersensitive de- 
tectors. I'll report fully on this drama- 
tic development in a future issue. 

Continued 
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THE WINDS OF CHANGE ARE BLOWING AT CHEVROLET 


CORSICA 


It was conceived as a sport sedan to challenge 
the compact market. 


It resulted in a sport sedan more aerodynamic 
than either Porsche 9285 or Ferrari 
Testarossa. A 


A sedan whose engine not only monitors 
itself, it monitors the driver 


A sedan whose manual 5-speed shifts 
so smoothly, its almost automatic. 


A sedan whose rear wheels help 
steer through turns. 


A sedan whose front seats give 
people in back more room. 


' Asedan which, once it’s painted, 
gets painted again. 


Introducing the new 1988 
Chevrolet Corsica, from 
The Heartbeat of America. 


Put yourself into the smooth- 
est Chevrolet sedan ever 
built. 


And listen to your 
heart beat. 


And the winds of 
change blow. 


Science Newsfront Continued 


Thermal imaging—literally, taking pic- 
tures of the heat distribution within a 


Diamonds from space 


Researchers at the University of Chi- 
cago have found—serendipitously— 
microscopic diamonds from beyond the 
solar system. The tiny gems were em- 
bedded in meteorites, and predate the 
birth of the sun and Earth. 

Roy Lewis of the university’s chem- 
istry department and Edward Anders 
of the university’s Enrico Fermi Insti- 
tute report that the diamonds were 
formed in the atmosphere of a distant 
star and then spewed across space 
when the star exploded. They have re- 
mained chemically unaltered for more 
than 4.5 billion years. 

“This work,” says Anders, “suggests 
that the formation of diamond occurs 
on an enormous scale in the universe.” 


Thermal imaging 


Doctors at the Royal National Hospi- 
tal for Rheumatic Diseases in Bath, 
England, are using the experimental 
equipment in the photo above to ex- 
plore the potential of thermal imag- 
ing (analyzing the heat distribution 
in the body) in researching the ori- 
gins of rheumatic ailments. The pa- 
tient’s pressure sore, caused by long 
periods of being bedridden or wheel- 


causes of rheumatic 


chair-bound, is being studied with a 
portable camera that allows a physi- 
cian to combine conventional filming 
with thermal imaging. The resulting 
thermograms have exceptionally high 
resolution. 


Bacterial missing link 


The National Science Foundation has 
announced the discovery of a unique 
bacterium that acts as a natural fer- 
tilizer and may be the descendant of 
an ancient “missing link,” the imme- 
diate forerunner of the cyanobacteria 
that released enough oxygen to form 
Earth’s life-sustaining atmosphere. 
The unique bacterium, Heliobacillus 
mobilis, was found in rice paddies in 
Thailand by an Indiana University re- 
search team headed by professor of bi- 
ology Howard Gest. 

Cyanobacteria were until recently 
called—incorrectly—blue-green algae. 
The heliobacteria fix nitrogen about 
10 times faster than cyanobacteria 
and multiply six to 18 times faster. 


Giant galaxy 


Astronomers have discovered the larg- 
est known heavenly object outside of 
a galaxy cluster: a spiral galaxy 13 


An astronaut assumes the neutral body 
posture aboard the space station. 


times larger than the Milky Way, 1.3 
million light-years in diameter, and 
300 million light-years from Earth in 
the direction of the constellation An- 
dromeda. The astronomers are Susan 
M. Simkin of Michigan State Univer- 
sity; Jacqueline van Gorkom of the 
National Radio Astronomy Observa- 
tory in Charlottesville, Va.; Su Hong 
Jun of the Purple Mountain Observa- 
tory in Nanjing, China; and John 
Hibbard of the Very Large Array. The 
observations were carried out at the 
Very Large Array, a network of 27 
radio telescopes near Socorro, N.M. 


Space bodies 


The drawing above, showing what 
seems to be a singularly relaxed indi- 
vidual, represents the posture a space 
denizen would adapt in a zero-gravity 
environment. It is called “neutral body 
posture,” and along with many other 
aspects of the human body, is one of 
the determinants in the design of the 
habitat modules for this country’s 
space station, to be launched by NASA 
in the early 1990s. The drawing was 
prepared by Boeing Aerospace Co., one 
of the firms competing for the role of 
designer and builder of the station's 
living and working quarters. 05 
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WERE RIGHT WHERE AMERICA WANTS US. 


Just about wherever you travel in the information, and our free direc 
United States, you'll find a listing all our hotels. 
able, convenient Days Inn® When it comes to price, con- 
room at a reasonable price. Today venience and a clean, comfortable 
nns of America has 8 room, “we're right where 
locations nat America wants us.’ And 
wide and we're adding more when you can find a Days 


all the time. Inn hotel right where you 
Call 1-800-325-2525 ] 0 > want it, why look a 
бе for edendis Were Right Where America Wants U weeds —^— 


" where else? 


Call 1-800-325-2525 For Reservations And A Free DaysInn Dire 


The Honda Helix? Push-button starting. Automatic transmission. Advanced digital instrumentation. Whe 
ALWAYS WEAR A HELMET, EYE PROTECTION AND APPROPRIAT 


‘ou’ ve waited long enough, call 1-800-447-4700 for the dealer nearest you. HONDA Eze" | 


XOTHING. Helix™ is a Honda trademark. € 1987 American Honda 


Ву DAN McCOSH Detroit Editor 


Better Blazer 


Chevrolet Motor Division’s new exper- 
imental Blazer XT-1, recently unveiled 
at the Chicago Auto Show, stands out 
from the recent flood of futuristic con- 
cept cars like a loaf of bread in a 
school of dolphins. Look again, and it’s 
standing even higher, as its four-corner 
leveling suspension goes to work, rais- 
ing ground clearance to accommodate 
shifting terrain. Then it bobs lower, 
curtseying at the curb to let a lady 
inside. 

Blazer XT-1 is one of the first off- 
road concept vehicles to emerge from 
Detroit, which until now has mainly 
concentrated on futuristic sports cars. 
Fully workable, it uses an array of 
electronic features to ease the task of 
off-road scrambling. Independent, elec- 
trically controlled steering front and 
rear allows tight turns, and even weird 
crabbing maneuvers. The computer 


a? 


Porsche is working on a factory-built convertible of 
the 944, which should be available next year. 


‘Automotive Newsfront 


can even sense wind gusts and adjust 
steering sensitivity accordingly. New 
Goodyear P225/65HR17 tires were de- 
signed to enhance the steer-by-wire 
system, which works without a direct 
mechanical connection between the 
steering wheel and driving wheels. 

The four-wheel-drive power train 
uses a new 4.3-liter all-aluminum en- 
gine derived from the Vortec V6 in the 
current Chevy pickup. The transmis- 
sion is electronically controlled, as is 
the transfer case, which includes a 
self-sensing unit that puts the Blazer 
into four-wheel drive whenever a 
wheel begins to spin. The same com- 
puter shifts torque fore and aft to com- 
pensate for wheel slip. Brakes incor- 
porate Delco Powermaster III anti-lock. 

Multiplexed wiring [see “Smart Cir- 
cuits,” this issue] and a 24-volt elec- 
trical system are also being tested on 
the new Blazer, and may be close to 
production. 


“ Topless Porsche 


In spring, a young 
man’s fancy turns to... 
Porsche convertibles? 
Having seen this spy 
photo of the upcoming 
944 Cabriolet, I bet 
members of both sexes 
will soon be swooning 
over Zuffenhausen’s 
latest creation: The 
turbo-powered two- 
seater is due to go on 
sale in the United 
States in mid-1988. 


? 


PHOTO BY HANS G. LEHMANN’HIDDEN IMAGE 


Blazer XT-1’s instrument panel features 
a three-dimensional display. 


SAE brainstorms 


This year's annual meeting of the So- 
ciety of Automotive Engineers in De- 
troit lifted the cover off a sampling of 
new technology likely to emerge soon 
on passenger cars: 

General Motors Corp. showed a new 
system that detects when engine oil 
needs to be changed. А computer 
keeps track of engine temperature and 
revolutions and displays a “miles to 
change" readout on the car's instru- 
ment panel. 

Japan's Stanley Electric Co. demon- 
strated an LED stoplight that emits 
bright red light from a narrow tape 
that molds neatly above the rear win- 
dow. Stanley also showed a new head- 
light that can shine through a front 
lens raked at 60 degrees, which would 

Continued. 
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О MEET YOUR 
ECTATIONS ... 


Р ray 


... AND EXCEED THEM. 
SIERRA: THE ULTIMATE PICKUP 
FROM GMC TRUCK. 


You demand a lot of your 
possessions. 

To fit your life, a vehicle must do 
more than simply fit in your drive- 


way. It must offer a sense of adven- 


ture that complements your own 


personal style. It must suggest end- 


less possibilities — and then fulfill 
them. What you drive must be as 
comfortable as a broken-in pair 


of jeans, and yet as contemporary 
as anything on the road today. 

In short, you expect a lot. But 
you are easy to satisfy — because 
you only want the best. It is for 
individuals like you that we proudly 
introduce Sierra. The ultimate 
pickup from GMC Truck. 

Sierra is clearly a new concept in 
full-size pickup design. Designed to 


be the last word in pickups, from 
the first name in trucks: GMC 
Truck. 

But don't just take our word for ` 
it. We invite you to refer to the last 
page of this section for a detailed 
explanation of Sierra. 

And don't forget to bring your 
expectations. 


SIERRA. 


SOPHISTICATION YOU NEVER EXPECTED IN A PICKUP. 
ALL THE ROOM, POWER AND PERFORMANCE 


Your expectations are high. Sierra 
will fulfill them. And then some. 
Advanced aerodynamic lines give 
Sierra a fresh contemporary shape, 
with a rakish windshield and flush- 
fitting side glass for a quiet, comfort- 
able ride. With its sophisticated styling, 
Sierra is ready to go everywhere. Select 
a four-wheel-drive model (with the 
Insta-Trac system that lets you shift 
conveniently from two-wheel to four- 
wheel drive without stopping) 
and “everywhere” can be almost any- 
where! 


Full-size inside. 

Sierra's interior features more shoul- 
der and leg room than previous full- 
size pickups from GMC Truck. So 
there's plenty of stretch-out space for 
three adults. Standard power steering 
and power brakes ease your driving. 


And you can add almost every conceiv- 
able driving amenity, from electronic 
cruise control to power windows and 
power door locks. 
Full-size outside. 

In today's world of “mid-size,” 


YOU EXPECT FROM A 


GMC TRUCK. 


"small-size;' and “downsized” pickup 
trucks, Sierra is a full-size pickup that 
still delivers the goods. Select from 
61/2’ short-bed or 8' long-bed models. 
The long-bed can still accommodate 
the proverbial 4' x 8' sheet of plywood 
between the wheelhousings. 

Full-size power. 

The amazing 4.3-liter Vortec V-6 
engine is standard (except on 3500 
models which feature a standard 
5.7-liter V-8). And with the available 
five-speed manual overdrive transmis- 
Sion and Vortec engine, a two-wheel- 
drive Sierra is rated at an impressive 
EPA estimated MPG city 17 and high- 
way 23. Or you can select from a big 
choice of V-8s: 5.0-liter (305 cu in), 
5.7-liter (350 cu in), 7.4-liter (454 cu 
in), or the 6.2-liter (379 cu in) diesel 
Standard electronic fuel injection 
on all gas engines gives instant 
starting response and out 
standing over-the-road 
performance. When 
properly equipped, 
Sierra is ready to move 
up to 19,000 Ibs, 
including itself, 
passengers, trailer, 
equipment 
and cargo. 
Built 
to be driven. 

Sierra gives a whole new meaning to 
the phrase, "drives like a truck,” thanks 
to a new fully independent torsion bar 
front suspension on 4 x 4 models or its 
newly improved two-wheel-drive front 
suspension. 

The standard rear-wheel anti-lock 
brake system (operable only in the 
two-wheel-drive mode on four-wheel- 
drive models) is designed to prevent 
rear-wheel lockup and helps control 
skidding on sudden stops, on wet or 
dry pavement, loaded or unloaded. 

The fuel tank is mounted between 
the frame rails. There’s a new box-sec- 
tion front frame with impressive 
strength. And the side glass has been 
increased by 33% over our 1987 Full- 
Size Pickup, for greater visibility. 
Built to last — in the GMC Truck 
tradition. 

The majority of all exposed metal 
surfaces are galvanized steel, protected 
by deep-luster basecoat/clearcoat 
acrylic enamel — the same advanced 


painting technique that protects some 
of the world’s finest automobiles. An 
uncluttered underhood area offers 
impressive service access, and a new 
aluminum radiator reduces weight and 
helps prevent corrosion. 

It's not just a truck. It's a new idea. 

At GMC Truck, we've been saying, 
“It's not just a truck anymore,’ when 
we speak of our entire product lineup. 
And no product better exemplifies that 
phrase than our new Sierra. 

It's not just a new pickup. It's a 
whole new way of thinking that says 
the traditional American full-size 
pickup can be just as advanced as any 
automobile on the road today, while 
still accomplishing all the truck-like 
things you usually buy a pickup for. 

And every new Sierra is backed by a 
6-year/60,000-mile warranty on the 


powertrain and a 6-year/100,000-mile 
warranty on outer-body rust-through. 
Buckle up and visit your GMC Tuck 
dealer for the terms and conditions of 
this limited warranty. (Check the Yel- 
low pages under "Truck" or "Automo- 
bile.” 


ETTI. 


QUALITY COMMITMENT PLAN 


Then, take a look at Sierra. It's like 
e үө ever expected in a full- 
size pickup. And everything you've 
come to expect from a GMC truck. 


GMCrruck 


IT’S NOT JUST A TRUCK 
ANYMORE. 


Automotive Newsfront с 


allow it to replace pop-up designs on 
cars like the Corvette. 

Torrington Co. showed smart bear- 
ings with sensors that electronically 
measure torque, temperature, rota- 
tional speed, and the presence or ab- 
sence of fluid. 

Using Du Pont Co’s Delrin plastic, 
Credit-Card Keys Co. makes thin plas- 
tic cards strong enough to be cut into 
keys—handy if you lose the metal 
original. 

Garrett Automotive Products 
demonstrated a ceramic-rotor turbo- 
charger, a prototype for the fast- 
response unit used in a limited- 
production Buick GNX. Garrett also 
showed a variable-vane turbo that it 
expects to produce boost as quickly as 
a belt-driven supercharger. 


Porsche at Indy 


Porsche has thrown down the light- 
alloy gauntlet and entered the battle 
at the Brickyard. The German car 
maker is designing a car and engine 
to compete in the 1988 Indianapolis 
500. The car's first showing, however, 
is tentatively scheduled for late in the 
1987 Indy car season. 

The engine on display at a recent 
Porsche preview was a 2.6-liter V8 
with two cams per cylinder, a snake's 
nest of black exhaust tubing, and a 
single melon-sized turbocharger. 
Porsche claims the engine generates 
more than 700 hp and has already un- 
dergone dynamometer testing. 

Porsche chairman Peter Schutz 
claims the company learns things from 
racing that it later applies to passen- 
ger cars. As an example, Schutz cited 
the company's recent formula-one 
program, which he said enhanced 
Porsche's understanding of combustion- 
chamber design and fuel efficiency. 


Faster still 


Honda's latest superbike engine pro- 
duces 130 horsepower from just one 
liter. That's like getting 740 horses 


Lightweight cam followers help 
the Honda Hurricane 1000's en- 
gine rev reliably to 10,500 rpm 
without any valve float. 


from a Corvette V8. Kawasa- 
ki's 750-cc Ninja engine isn’t 
far behind at 106 hp. How do 
they do it? And how do they 
keep the motors from turn- 
ing into high-speed grenades? 

The key to the horsepower 
is simple—speed. The higher 
these engines rev, the more 
air-fuel mixture they pump 
through their four-valve cylinder 
heads. But reliability is another issue. 
Keeping valve and cam together at 
speeds of 10,000 rpm or more calls for 
clever engineering. 

Honda Motor Co., for example, trims 
the reciprocating weight of the Hur- 
ricane's valve train by locating screw- 
type adjusters on the pivot end of 
the cam follower rather than on the 
valve end as in many auto engines. 
Kawasaki Heavy Industries uses a 
similar design. Both designs reduce 
inertia, which helps prevent valve 
float, yet allow quick, easy valve lash 
adjustment. 

Why so much fuss over something 
as small as a cam follower? Kawasaki 
claims that, with its hollow camshafts 


Porsche will compete at Indy in 1988 with this 
700-hp racer. The company is building the car's 
2.6-L four-cam engine and chassis. 


and lightweight valves, the 750-cc 
Ninja engine will wind reliably to an 
unnerving 14,500 rpm. At that speed, 
little things mean a lot. 


Worldwide Escort 


The next version of the Ford Escort, 
currently the highest-volume subcom- 
pact in the world, will be designed at 
Ford Motor Co.'s engineering center 
in Japan; however, it will be built in 
the United States as well as several 
overseas locations. The Escort will be 
part of Ford's newly revived “world 
car" program, which involved design- 
ing standardized cars that can be pro- 
duced with common components in 
various parts of the world. us 


Contributors: Stuart F. Brown, Jack Keebler, Tom. 
Wilkinson (New York) 
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By WILLIAM J. HAWKINS 


Portrait maker 


Mention computer graphics, and I 
think of a computer that “draws” pic- 
tures. It doesn’t really draw, of course. 
That would take thought, creativity, 
and human skills beyond the scope of 
machines. The computer is merely 
mimicking the work of a clever human 
programmer or artist, right? Before 
answering, read about a computer that 
writer Mitch Gould discovered... 


ATLANTA, Ga. 
“The beret-capped artist was even 
shorter than Toulouse-Lautrec, and 
had only one arm and one eye. How- 
ever, she made no apologies for her 
disabilities, and greeted me with a lilt- 
ing, feminine voice. She bowed 
deeply and asked me to look into 
her TV camera. 

“Despite all her training in 
Japanese etiquette, I could tell 
she was only a machine—but 
what a machine! This was one of 


Compaq's Portable III computer is a 
7.8-by-9.8-by-16-in. unit with a plasma 
display and detachable keyboard. 


Panasonic's robotic portrait maker "sees" its subject and in minutes converts the data into Japanese brush art. 


Japan's most renowned portraitists 
—an impressive combination of sili- 
con with robotics—making her Ameri- 
can debut here in Atlanta. I had dropped 
what I was doing to make an appoint- 
ment because I knew of her by repu- 
tation: In 1985 she had drawn crowds 
(pardon the expression) at Japan’s 
Tsukuba Science Expo. 

“She needed only about 30 seconds 
to commit my features to memory, and 


then invited me to sit in a more com- 
fortable chair as she worked. Her pro- 
grammers trained her well to concen- 
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trate on special features such as eyes, 
facial outlines, and hair. Before dip- 
ping her brush in ink, she sat quietly 
and furiously mapped out in her head 
an approach to the contours of my face. 
“After approximately a minute, she 
had crunched an encyclopedia-ful of 
numbers. She then gave me a preview 
of her work on a computer monitor: 
the image of my face as it would have 
appeared on an early-model copy ma- 
chine, with black lines marking the 
edges of dark features like my hair 
and whiskers. Then she picked up her 
brush and began to draw with bold 
confident strokes, starting with the 
outline of my face and hair and mov- 
ing on to my eyes and nose. Occasion- 
ally she would pause as if considering 
the best curve—but only for a moment 
—and in a short time I was holding 
a Japanese brush drawing of myself. 
“Behind the curtain of this Oz-like 
Panasonic rack-mounted system, I saw 
some of the company’s industrial com- 
puters, including an image-process- 
ing unit used for factory automation. 
“The most fascinating aspect of the 
system was not the graceful robotic 
arm that actually drew the picture, 
but the software—powerful enough to 
understand a human face. After all, 
how do you explain to an unfeeling 
silicon chip which of the shadows on 
a TV screen are most important? One 
of her strangest knacks is an uncanny 
ability to use thick and thin brush 
strokes for just the right emphasis. 
“The program, which occupies 256 
kilobytes of memory, is written in C 
and assembly languages, but I couldn't 
help putting that technical jargon in 
perspective. Take a sheet of paper and 
draw an accurate freehand portrait of 
a loved one. Now, once you get it per- 
fect—if you ever do—speed up the pro- 
cess down to a matter of three minutes, 
same as the Panasonic portraitist. Ar- 
tificial intelligence, indeed.” 


80286 portable 


Compaq Computer Corp.'s Portable Ш 
is an 18-pound portable (photo on pre- 
vious page) that has up to 6.6 mega- 
bytes of random-access memory, a built- 
in 40-megabyte hard disk, and a 12- 
megahertz 80286 microprocessor. Its 
plasma display is capable of showing 
up to 640-by-400-pixel graphics and 
on-screen shading with text highlight- 
ing. Prices start at $4,000. Hs 


Your father gave you that wagon 
for your fifth birthday. Now 15 your turn 
to pass it on. 

Any spray paint could make it red 
again. If thats all you wanted. 

But Rust-Oleum, with an average of 
50% more protective ingredients than its 
nearest competitor, can do more. 

Its protective formula notonly m 
prevents rust, it also gives 
metal better protection from 
chipping, peeling and fading 
than other spray paints. 


“CORPORATION 


©1987 Rust Oleum Corporation USA. 
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_ We've put the oil that protects 
_ Bobby Allison's race car 


For this kind of torture, Bobby 


Allison, Bobby 
and the Miller American /Stavola Brothers Race Team ne 
specially-formulated motor oil. So it’s no surprise they use 
Pennzoil P*Z*L* Turbo 10W-30. 


What is surprising, is the tough oil you'll find on this „=. 

team, is the same tough oil you'll find on your favorite РЕ N20 | L 

store shelf. 
And that makes P*Z«L* Turbo 10W-30 a welcome - 

surprise. For owners of all turbo and non-turbocharged cars. ma 


It exceeds the toughest automotive engine oil requirements 
in the world. And it’s been rated as superior by a leading PZI% Tarbo 
national consumer testing group. 

It's the oil that protects in any temperature, even the 
extreme temperatures found in today's turbocharged SAE 10W-30 
engines. Plus, it fights against engine oil thickening, MOTOR OIL 
corrosion, and wear. К thermal stability 

tho proa tor high 

So the next time you reach for turbo protection on your E worié-wide automotive HEYE 
store shelf, reach for the oil that protects at NASCAR. Hl бае, 
World Class P*Z*L* Turbo 10W-30 Motor Oil. ° Provides tat БРАТУ 


е 918 жаг starts, and high 


ааа SZL. OZ. (US ar) sagi mae 


4 — - —The Standard of Protection — Иа. 
—= ina —  Sincei889^-  — Oe z 


Optical-fiber gyro 


A new lightweight, compact gyroscope could replace the heavy precision flywheel devices 
used in aircraft and ship navigation—with its use expanding to robot and car naviga- 
tion. The gyro uses laser light and solid-state components to sense movement. 


By DAVID SCOTT 


reliable in-car navigation down to the price of a qual- 

ity stereo—or so small and responsive that it could 
provide accurate positional data for industrial robot arms. 
These applications and more, including aerospace and 
weapon navigation, could soon be possible with a new com- 
pact, inexpensive gyroscope composed of ultra-thin glass- 
fiber coils. 

Aircraft and ship navigation systems depend on a gyro- 
scope to sense movement and feed-in directional informa- 
tion. The standard gyroscope is a motor-driven flywheel 
that resists attempts to tilt its axis of rotation with angu- 
lar momentum. Such devices are expensive and may re- 
quire delicate suspension. 

Now, a number of firms are designing a coiled-fiber gy- 
roscope that can do the job for less than one-half the cost. 
Light and compact (with most components integrated on 
a single chip), these fiber-optic gyros have no moving parts, 
so they’re rugged and maintenance 
free. According to Dr. Michael Bone, 
one of the project scientists in the In- 
tegrated Optics Laboratory at Britain’s 
Standard Telecommunications Labo- 
ratories (STL), “These gyros are ex- 
tremely sensitive and can register 
rotation rates as small as one-tenth 
of a degree per hour. At the other ex- 
treme, they’re capable of accurately 
measuring very high, sustained rota- 
tion rates of over one thousand degrees 
per second. No mechanical gyro could 
do that.” 

The basic idea is simple. Light from 
a laser source is split into two beams, 
then polarized and launched into op- 
posite ends of a coiled length of hair- 
thin glass fiber. The two beams spiral 
around the coil in opposite directions 
and are reunited when they emerge 
from the fiber ends. Light output is 
then detected by a photodetector and 
converted to electrical voltage. Other solid-state gyros use 
mirrors instead of fibers to channel light beams [“Laser 
Gyroscope,” Jan. '82]. 

When the coil is stationary, the two counterrotating light 
beams are equal but opposite in phase. The two beams 
cancel out each other, and voltage output is constant. But 
when the coil is turned on its axis, there’s a phase shift 
between the two light beams. The beam that circulates in 
the direction of coil rotation now has to travel farther 
through the fiber (a longer propagation time), while the 
reverse beam’s path is shorter. The beams no longer can- 
cel each other upon reuniting, and the resulting voltage 
change is proportional to the rate of rotation. 


| magine a gyroscope so inexpensive that it could bring 
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Several companies have independent projects for a solid- 
state gyro, differing only in detail. The STL design uses a 
500-yard length of ultra-fine glass fiber wound into a three- 
inch-diameter coil. The light source is a mini-laser, and 
all optical components, including beam splitters, polar- 
izer, and modulator, are integrated on a single optical chip. 

This chip, only 1 millimeter (0.04 in.) thick, is made of 
lithium niobate, and operates similarly to those for con- 
ventional integrated circuits. “А practical navigation sys- 
tem would require separate gyros to sense movement in 
three axes, and the optical parts for all these could be 
combined on the same chip," says Bone. "The next step 
will be to integrate the signal-processing electronics into 
the chip configuration," he explains. "This would make 
the optical-gyro package very small indeed." 

Such compactness and direction-sensing capability 
should mean a big role for the optical-fiber gyroscope in 
vehicle navigation and guidance systems. For aerospace, 
the gyro's low weight and resistance to vibration and 
wide temperature variations would be of specialvalue. 3] 


OPTICAL-FIBER COIL 


INTEGRATED OPTIC CHIP 
OPTICAL-FIBER COIL 


Prototype fiber-optic gyroscope developed by STL packs a 
500-yard coil of glass fiber and all optical and electronic 
components into a slim case less than 4 in. square. Three 
such units would be stacked to make up a compact three- 
axis navigation or stabilizer system. The detail view shows 
solid-state optical components integrated on a single chip. 
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Pick of the pickups 


—how much truck do you need? 


These hard-working vehicles feature engines with fuel injection, electronic anti-lock braki 
ing, top-handling suspensions, and sedan-style interiors. POPULAR SCIENCE stages ап 


instrumented performance showdown between the four newest American pickups. 


By JACK KEEBLER 


Photos by Greg Sharko 
ow much pickup do most peo- 
ple need? That's what the Por- 


H ULAR SCIENCE test team asked 


ourselves before putting this four- 


vehicle group together. Few people 
need a heavyweight pickup with a 
400+ cubic-inch V8 engine, dual rear 
tires, and luxurious velour-lined ex- 
tended cab. Yet many people need 
more than a sporty compact pick- 
up with a gutless four-cylinder en- 


gine, vestigial bed, and bare-bones cab. 

So what we did was take aim at the 
dead center of the pickup pack. The 
result is a foursome of the newest 
work-ready pickups. All were equipped 
with muscular six-cylinder engines 
And all but one featured an automatic 


transmission. Representing the full- 
size field are the new-for-1987 Ford 
F-150 XL Lariat and 1988 Chevrolet 
Cheyenne 1500. (The Chevy, available 
considerably later than the other pick- 
ups, was photographed and tested sep- 
arately.) The Ford and Chevy went up 
against the mid-size breed, repre- 
sented by the Jeep Comanche and 
Dodge Dakota LE. 

The O.K. Corral for this pickup 
shoot-out was a stretch of taxiway at 
Stewart Air Force Base in Newburgh, 
N.Y. The weapons for taking the mea- 
sure of the group were a Lamar fifth 
wheel, Alge timing lights, about 50 
traffic cones, and a hand-held decibel 
meter. 

But keeping in mind that pickups 
aren't sports cars, we had to find out 
more about these competitors than a 
track test could tell us. We wanted to 
know how the pickups were for cruis- 
ing and hauling. Thanks to the PS 
staff—and numerous loads of firewood, 
lawn equipment, and bargain furni- 


ture, we got a real sense of how these 
beasts of burden perform in the work- 
aday world. 


Pickup power 


The 4.3-liter Chevrolet V6 is derived 
from the company’s legendary small- 
block V8. This 90-degree V6 features 
Vortec high-swirl combustion cham- 
bers, which General Motors claims 
provide better air-fuel mixing, thus al- 
lowing higher compression ratios and 
greater engine efficiency. Although 
the 4.3 is the smallest engine avail- 
able in the Chevy, the truck was sec- 
ond only to the hot-rod four-liter 
Comanche in the acceleration trials. 
And by adding throttle-body injection 
to the V6, Chevy engineers have done 
an absolutely incredible job of remov- 
ing the plumber's nightmare of pipes 
and hoses that entangle most modern 
engine compartments. This hauler's 
under-hood area looks about as starkly 
clean as that of a pickup from the 
early '60s. 


Attached to the 4.3 was GM's four- 
speed automatic transmission. Truck- 
ers familiar with last year's 700R-4 
and its abrupt shifts will hardly rec- 
ognize the new unit. The power-train 
wizards at GM apparently decided to 
provide truck customers with the same 
sweet, smooth shifts that GM auto 
buyers have been enjoying for years. 
(Chevy also offers four- and five-speed 
manuals for those who prefer to shift 
for themselves.) 

The Dakota LE was equipped with 
the optional 3.9-liter V6, which is de- 
rived from the company's 318-cubic- 
inch V8. As a result, the 3.9, like the 
4.3-liter engine in the Chevy, is a 
90-degree V6. Despite its being the 
only power plant in this contest with 
а carburetor, the 3.9 fires up quickly 
and runs almost silently on even the 
coolest mornings. Chrysler says that 
the engine's aluminum intake mani- 
fold, with its high heat conductivity, 
may be largely responsible for the en- 
Continued 


Load luggers (left to right): Ford F-150, Jeep Comanche, 
and Dodge Dakota LE pause before testing. Both the F-150 
and Comanche feature in-line sixes with fuel injection, and 
the Ford comes with Kelsey-Hayes anti-lock rear brakes as 
standard equipment. The Dakota, Chrysler's new entry in 
the mid-size market, offers an optional V6 and a plush 
carlike interior with exceptional ride refinement. 


Pick of the pickups Continued 


Chevrolet's 1988 full-size Cheyenne pickup features a smooth nose, air dam, and mini-headlights for reduced wind resistance. 


gine’s quick warm-up performance. the acceleration trials. And frankly, matic. This transmission snipped off 
Though wonderfully smooth, this en- we had to wonder about the 5,500- quick, clean automotive-style shifts. 
gine is not particularly powerful pound tow claim for the 3.9-equipped Furthermore, with the transmission’s 


—especially in relation to the other Dakota. shift stalk on the column, the cab has 
sixes in this test. With the fewest Although Chrysler offers a five- comfortable three-across seating. 
horses available, it was no surprise speed manual, our test truck was The first thing you notice when you 


that the Dakota finished dead last in equipped with a three-speed auto- lift the Ford F-150's hood are six long 
intake-manifold runners. According to 


BRAKING 60-0 (ft.) Ford engine experts, the long intake 
tubes fatten the engine’s mid-range 
power band. But to make this tuned- 
intake system work, each cylinder 


CHEVROLET CHEYENNE 1500 CHEVROLET CHEYENNE 1500 must be fed with its own private in- 
кишген ш jector. So Ford has adopted а sophis- 
| SS IEEE ANTES E J ticated multi-point fuel-injection 
DODGE DAKOTA LE DODGE DAKOTA LE system—similar to that used in ex- 
pensive sports sedans and the Coman- 
عا‎ М che four-liter engine. 

FORD F-150 XL LARIAT FORD F-150 XL LARIAT The manifold and injection system 
help the Ford six generate a stump- 
pulling 265 pound-feet of torque. This 

JEEP COMANCHE JEEP COMANCHE translated into 0-to-60-mph times av- 

eraging 12.3 seconds, despite the 

handicap imposed by the test truck's 
tall 2.73:1 rear axle ratio. 

The surge of power available from 
the Jeep Comanche's new four-liter 
in-line six gives this truck a totally 
new personality. In February 1986 we 
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CHEVROLET CHEYENNE 1500 CHEVROLET CHEYENNE 1500 tested a Comanche powered by the 
me xm EE ears EEES т GM-built 2.8-liter V6 and a three- 
224) | f м speed automatic transmission. That 
DODGE DAKOTA LE DODGE DAKOTA LE Jeep stumbled to 60 mph in 18.5 lazy 


seconds. The same vehicle tested this 


"zz - year—this time with a five-speed 
FORD F-150 XL LARIAT FORD F-150 XL LARIAT manual and the new fuel-injection 
four-liter—lopped better than eight 

seconds off its 0-to-60 sprint. (The time 

Seen COMANCHE eee might have been even quicker, but 
50 55 60 65 70 75 80 20 25 30 35 40 Continued 
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THE STANDARD OF 
THE PACKAGED 
CONCRETE INDUSTRY. 
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Pick of the pickups continued 


hard acceleration caused severe axle 
hop, so a conservative launch tech- 
nique was adopted to preserve the 
drive line.) Although we requested 
that the test vehicle be equipped with 
Jeep's new Aisin-Seki four-speed au- 
tomatic, supply problems meant that 
the red Comanche came with the five- 
speed manual. The five-speed helped 
make the Comanche (already the small- 
est, lightest truck in the test) feel like 
a Porsche compared with the big XL 
Lariat and Cheyenne. The shift link- 
age proved to be one of the quickest, 
lightest actions we've thrown all year 
— including those in some pretty fancy 
sports cars. Our only complaint about 
the transmission was an inordinate 
amount of gear whine, which seemed 
to worsen slightly during the month- 
long test period. 


Handling and stopping 


Until recently, pickups didnt han- 
dle or stop particularly well. Both of 
these problems were a result of a chas- 
sis that was optimized for hauling a 
load. But with the pickup's greater 
popularity and increased numbers of 
first-time buyers, engineers (and com- 
pany lawyers) realized that something 
had to be done to tame the pickup. 

Judging from the handling and 
braking tests, truck engineers have 
made surprising progress in these 
areas. The soft four-spoke wheel in 
the Chevy Cheyenne is bolted to a 
Saginaw steering system that answers 
wheel inputs quickly, precisely, and 
lightly. In fact, this full-size truck 
went around the cones of the high- 
speed and low-speed handling tests 
quicker than the Chevy S-10 compact 
pickup we tested in February 1986. 
That's significant, considering the 
1500 is a foot wider than its baby 
brother. Stopping the big, new Chevy 
is a cinch, too. GM now uses an ag- 
gressive semimetallic pad on the front 
brake rotors, and the new Kelsey- 
Hayes rear-wheel anti-lock system as 
standard equipment. The result was 
a short (for a pickup) stopping dis- 
tance, without a trace of lane wiggle 
or sideways yaw. 

The Dodge Dakota nailed down top 
honors by a significant margin in two 
of the most important tests: braking 
and high-speed handling. Without 
question, Chrysler has put the accent 
on automotive-style performance. But 
that's not to say this pickup is a pre- 
tender when it comes to tough jobs. 
The test truck was fitted with an 
eight-foot bed, and this mid-size truck 
has a load range from 1,250 to 2,550 
pounds. 

Ford has done a wonderful job of 
freshening the looks of its full-size 
pickup. But our impression was that 


beneath the sheet metal, the truck is 
largely unchanged—at least as far as 
handling goes. It took bottom-of-the- 
class marks in both the high-speed 
lane-change and low-speed maneuver- 
ability tests. 

What the Lariat did do impressively 
well was stop. Only the smaller, ligh- 
ter Dakota was able to stop shorter. 
Like the Chevy, the Ford has a stan- 
dard rear-wheel anti-lock unit that 
seemed to contribute to its short, sta- 
ble brake-lane performances. 

The Jeep Comanche was top truck 
in the low-speed maneuverability tests 
and took a strong second on the high- 
speed handling grid. Its good showing 
in the low-speed tests can be attrib- 
uted to two things: light, quick power 
steering and a taut suspension. The 
light steering made negotiating park- 
ing lots a snap, and backing up to a 
loading dock was a one-finger feat of 
finesse. But though it proved a champ 
on the smooth test strip, on rough 
streets the Jeep's high-speed handling 
was sometimes less impressive. The 
unloaded back end tended to dance 
around a great deal, requiring lots of 
small steering corrections. 

The Comanche—like the top-stop- 
ping Dakota—comes with a less so- 
phisticated solution to rear-brake 
lockup than the electronic anti-lock 
systems on the full-size models. It's 
called a brake proportioning valve. 
Mounted on the bed and attached to 


View from the driver's seat 


How much truck do you need? It depends on 
what you want to do with it, 1 guess. For those 
buying a truck primarily for the image, the 
Comanche is just about perfect. Yes, it will 
haul things, like any small truck. But it's the 
quickest and most maneuverable of the four- 
some. Best of all, it looks like a Jeep, and if 
you're buying a pickup for its rugged image, 
you can't do better than that. 

If it's serious hauling you need to do, pick 
the Cheyenne or Lariat. Both companies sub- 
scribe to the building-block principle—you 
can select from a dizzying variety of engines, 
transmissions, axles, cabs, and beds until 
you've assembled the truck of your dreams. 
The half-ton Chevy feels more nimble than 
the comparable Ford—if you can call any full- 
size truck with an eight-foot bed nimble. Oth- 
erwise, choosing between the two is strictly a 
matter of style. 

The Dakota seems to offer the best of both 
worlds. It's quieter and more comfortable than 
the Jeep, yet noticeably less awkward in traffic 
than the big Chevy and Ford. If an extended 
cab were available, I'd pick the Dakota іп a 
moment. 

Because it's not, I'd choose the Ford with 
the in-line six, four-speed manual, extended 
cab, and short bed. In Bright Canyon Red, 
thank you. After all, what's the use of all those 
blocks if you can't build just what you'd like 
with them?— Tom Wilkinson 


the suspension system, it senses the 
height of the bed in relation to the 
rear axle, and meters hydraulic pres- 
sure to the rear drums depending on 
load. During our tests, which are done 
on dry pavement with a light load, the 
proportioning valves helped both the 
Jeep and the Dodge score well in stop- 
ping distance and stability. We still 
prefer the electronic anti-lock for slip- 
pery pavement, though. 


Cab comfort 


Many of the pickup field’s growing 
numbers of customers are conquests 
from passenger sedans. Fully aware 
of this, truck engineers and stylists 
are creating cabs with convenience 
and comfort features similar to those 
in autos. 

Although the Chevrolet 1500 was 
the only pickup in this contest with 
rubber floor mats, it was no bare-bones 
truck. The interior featured a tilt 
wheel, power windows and door locks, 
and a four-speaker AM-FM-radio cas- 
sette player. All of the interior con- 
trols are well positioned and within 
easy reach. But there is a fly in the 
interior ointment: poorly designed 
instruments. Chevrolet uses a new 
rotating-disc-type dial for the various 
instrument-panel gauges. Although 
the gauges are spectacularly clear and 
easy to read at night, they are virtu- 
ally indecipherable in bright sunlight— 
of which there is an abundance, thanks 
to the cab’s generous glass area. Am- 
bient light also washed out the vac- 
uum fluorescent displays for the radio 
and air conditioner. 

On the plus side, this big pickup has 
a terrific ride. Engineers say that the 
extra-long leaf springs used in the 
rear result in lower stress for longer 
spring life and allow designers to bet- 
ter tune the suspension. Considering 
that the Cheyenne had a 1,600-pound- 
plus load capacity, its smooth-when- 
empty ride becomes an impressive en- 
gineering feat. Finally, the long, wide 
bench and large cab provided the 
roomy seating typical of a full-size 
pickup truck. 

The Dakota’s interior and ride not 
only set high standards for trucks, but 
passenger-sedan designers should take 
note, as well. Night or day, the bright, 
sharp instrumentation was a snap to 
read. The A/C, ventilation, and heater 
controls were simple to use and did an 
outstanding job of quietly and precisely 
controlling the cabin temperature. 
And finally, though I usually dislike 
plastic wood on instrument panels, I 
found the subdued test-tube timber in 
the Dakota’s cab tolerable—if not 
quite attractive. 

Pm sure that many auto companies 

Continued 


The easy way 
to clean and protect 
your engine. 


You wash and wax your car so it'll look 
good. So that "new car" look will last as 
long as possible. 

But when it comes to lasting, what 
really counts is your car's engine. Be- 
cause an engine that's clean and pro- 
tected runs better—and longer. 

And that's why you need The 
Steam Team. Steame Engine Cleaner 
and Steame Engine Shines. From 
Gumoute. 

Their names tell you exactly what 
they do. And you won't believe how incredibly easy it is! Just spray Steam 
Engine Cleaner on your warm engine. On contact, it cuts through layers of 
engine grease—without any elbow grease! Wait ten minutes, and wash it 
off with a hose. You won't believe how clean your engine looks! 

But clean isn't as effective as clean and protected. So complete the job, 
and seal out the dirt, with Engine Shine. 

After your engine cools and dries off, spray everything under the hood 
with Engine Shine. Its protective coating of high-temperature silicone res- 
ins breathe with your engine. When the coating dries to a tack-free high- 
gloss finish, your engine's protected from grease and dirt buildup. It also 
preserves your belts, ignition wires, radiator hoses, and other rubber com- 
ponents. And that's the beauty of Shine. 

Extend the life of your car with Steam Engine Cleaner and Steam 


Engine Shine. 
Because getting your engine clean—and keeping it protected —takes 
real Steamwork. ] 
, ТНЕ$ТЕАМТЕАМ. Cleans and Protects Your Engine. — 
| 
Quality Products of the Pennzoil Products Company. СУ) | 
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Pick of the pickups continued 


POPULAR SCIENCE TEST RESULTS 


S 
ee К f "d 
TEST RESULTS ete >» жу 
Acceleration (sec.) C. 
0-30 mph 34 39 33 
0-60 mph пл 131 103 
Brake test, 60-0 mph 
Stopping distance (ft.) ...| 184 174 185 
Pedal pressure, cold (Ibs.) 
(0.5-G stop) 20 8 20 
Pedal pressure, hot (Ibs.) 

(0.5:G stop) 15 n 26 
Handling test (mph) 67.4 70.9 67.9 
Maneuverability test (mph) 28.9 28.3 29.4 
Interior noise (dBA) 

At idle 51 46 49 
At 60 mph 72 69 72 
ЕРА FUEL MILEAGE (mpg) 
Highway 22 21 23 
City 17 18 18 
Dimensions and specs 
DIMENSIONS (inches) 
Wheelbase 


* Not available 
п ойо ДЕ 3781, k four-speed automatic $735, AM-FM 
rear bumper $229, 


„888, automatic transmission $601, 
so fourliter engine $512, all-terrain tires $352, power steering $290, trac 79, AM-FM 
зора ао Na Bone $152; иаша ызы рм steering pee sliding rear window $117, extra- 


chrome rear-step 
quiet insulation $104, conventional spare $102 
Parts and service 
PRICES (m 


PS serviceability ratings 
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wish their passenger sedans rode as 
smoothly and handled as precisely as 
this load lugger. Chrysler chassis ex- 
perts say the coil springs on the front 
axle are computer-selected to enhance 
the ride quality; but in the rear the 
Dakota features the same live axle 
and leaf springs as the rest of the 
pickup pack. Obviously, careful atten- 
tion to a truck's front suspension plays 
a big part in achieving a smooth ride 
and top handling. 

Although the long climb to the Ford 
F-150's bench tends to drive home 
the point that you're going for a ride 
in a full-size pickup, the interior has 
received the same slick styling atten- 
tion as that of the Taurus sedan. 
Once you're seated, the interior feels 
strongly automotive, with clean easy- 
to-read instruments and well-located 
controls. The only exception to this 
ergonomic excellence is the long reach 
to the radio, air conditioner, and 
heater controls. 

When driven smoothly, the new Ford 
Lariat shows a great deal of ride re- 
finement. But as the rather poor show- 
ing in the handling tests suggest, once 
you start pushing harder, the Ford 
starts to feel vague and unsettled, just 
like earlier versions of the F-series 
truck. And I was surprised to find the 
price list included an extra $132 for a 
handling package. How would the 
truck have fared without the extra- 
cost handling option? 

After several weeks with the Coman- 
che, I appreciated its neat, convenient 
interior and comfortable seating for 
two. Like those in the Dakota, the 
Comanche's instruments are easy to 
read, and the controls are located so the 
driver never has to lean away from the 
backrest to adjust the temperature or 
select a radio station. Though small 
compared with those of the Chevy 
and Ford, Comanche’s cab has lots of 
thoughtful storage space for small 
items, with map pockets in the doors 
and change holders cast into the cen- 
ter console. But only in an emergency 
would we suggest three-up riding in 
this vehicle’s cab. Our Jeep’s floor- 
mount five-speed and console used up 
all the leg room a center-seated pas- 
senger would need. 


Author’s pick 


The best light-duty pickup in this 
test was obviously the Dakota LE. It 
was top dog in all of the important 
performance areas, except accelera- 
tion. And considering the civilized ride 
and interior in the Dodge, it makes a 
strong case for itself. But if a pickup 
is going to see particularly hard serv- 
ice with lots of rough terrain, trailer 
towing, and hauling, the Chevy would 
be my choice. us 
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Motorcraft 
oil filters. 
THE WAY TO 
STAY IN 
SHAPE. 


The new shape of the American 
car. Sophisticated. Advanced. And 
reflecting a total dedication 
to quality. Todays high-quality 
automobiles deserve 
equally superior replacement 
parts. Like Motorcraft FL-1A 
long-life oil filters, original 
equipment in advanced cars 
like Mercury Sable. FL-1A's 
state-of-the-art design traps 
more dirt and lasts longer 
than other major brands. 
There's a Motorcraft oil 
filter, and a full line of 
Motorcraft quality 
parts-batteries, oil, 
air filters and spark 
plugs-to help your 
car stay in shape. 
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EXCEEDS THE NEED 


SUPER РС 


By WILLIAM J. HAWKINS 


this fast,” said a smiling Edward 
Lucente of IBM Corp's Information 
Systems Group, “today we'd have cars 
that go from zero to sixty in three sec- 
onds, circle Earth ten times on a tank 
of gas, and cost half as much as they 
did six years ago." 
Lucente's remark, beamed via sat- 
ellite from Miami to over 20,000 deal- 
ers and customers, emphasized the 


enormous advancements in cost, s 

speed, and capability between IBM’s | | 
original PC launched in 1981 and the à 4| 
company's newest crop of personal i ¥ | 


computers, called the IBM Personal 
System/2. Very-large-scale-integration 
(VLSI) circuitry, faster microproces- 
sors, a new floppy-disk standard, more 
memory, a new internal data bus to 
control hardware, and two new soft- 
ware operating systems are built into 
four new models that IBM hopes will 


| f the auto industry had advanced 
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stave off its competition. Are the IBM 
PS/2 machines a new breed of super 
PCs? At present, the jury is still out. 

At the company’s New York head- 
quarters I watched Edward Kfoury, 
vice president for the Development 
Entry Systems Division, wave a book- 
size PC plug-in circuit board in the 
air and point to a dime-size gold dot 
inside the company’s new model 30 
computer. “This board is now right 
there,” he said. 

The gold VLSI chips replace the 
costly and space-wasting plug-in 
boards required in earlier PC models 
for graphics, communications devices, 
disk control, and mouse controls. Used 
in the model 30, IBM’s new low-end 
model that’s closest to the original PC, 
no add-on boards are needed for oper- 
ation. That makes the unit more reli- 
able and competitive: The $1,695 
version includes 640 kilobytes of mem- 
ory and an 8-MHz 8086 microproces- 
sor to make the computer twice as fast 
as its older but upscale XT cousin. 

Despite the differences inside the 
machine, the two slots for software 
disks told of another major change: 
Say goodbye to 5.25-inch disks. 

“We've standardized on the 3.5-inch 
diskette as the storage media for our 


new product line,” says IBM vice pres- 
ident William Lowe. “It offers up to 
1.44 megabytes on our machines.” 
Although model 30 has two 740K 
disk drives, the 1.44M versions are in- 
cluded in IBM’s other three models, 
the 50, 60, and 80. 


High-resolution color graphics or 16 
shades of gray can be displayed. 


The $3,595 desk-top model 50 and 
$5,295 floor-standing model 60 use 
Intel Corp.’s 80286 microprocessor 
and come with 1M of memory (ex- 
pandable to 7M or 15M depending on 
the model). A 20M, 44M, or 70M in- 
ternal hard disk is available. The 
80286 is used in IBM's AT, as well as 
in many of the newer clones, but soft- 


ware runs up to twice as fast in the 
new machines. Reason: a new 16- and 
32-bit bus structure—the circuitry 
within the computer that shifts data 
from one place to another—called a 
Micro Channel. 

"The AT handles hardware trans- 
actions essentially one at a time," says 
Lowe. “Our new Micro Channel archi- 
tecture is, in essence, a multiple-lane 
highway" The new bus in these mod- 
els makes all present PC add-on 
boards obsolete, but IBM is supplying 
board makers with the details needed 
to make compatible products. 

The higher speed lets the comput- 
ers control much denser graphics, too. 
Combined with one of the new high- 
scan-rate monitors, resolutions of 
640 by 480 dots can be displayed. And 
up to 256 colors, from a palette of 
256,000, can be shown at one time. 

The new top-of-the-line IBM com- 
puter is the $11,000 model 80. Using 
Intel's 32-bit 80386 microprocessor, it. 
controls up to a whopping 16M of 
memory, and it executes instructions 
over three times faster than the AT. 
"This puts the power of a System 370 
[a main-frame computer that fills a 
room] under your desk," says Lowe. 

Continued 
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uch св Heat Mirror™ glass (#4) 
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Window Quilts” , Levelor* Mini 
Verosol* pleated shades. 
Four Seasons is conveniently loepted with over 
200 independently owned and operated 
showrooms nationwide. For more information, 
call 4-800 FOUR-SEASONS (1-800-368-7732). 


Enclosed is $3 for an 80-page 
catalog and price list. 
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INTRODUCING THE LITTER CRITTER: 
IT’S A SWEEPING IMPROVEMENT. 


Shop-Vac presents the revolution- 
ary new machine that's sweeping 
the country. 

It's called the Litter Critter. A time- 
saving device that cleans up any- 
where, indoors or out, in half the time 
of a push broom. Without creating 
dust or dust pan clean-up hassle. 
And without the use of batteries or 
electricity. 

The Litter Critter gobbles up 
grass, leaves, dirt, paper litter, gravel, 
twigs and other debris. Thanks to a 
unique rotating brush which auto- 
matically sweeps litter into a built-in 
tray as you push it. 

What's more, the Litter Critter 
cleans driveways, pavements, side- 
walks, patios, or workshop and gar- 
age floors. 

So for the perfect solution to home 
cleaning, pick up the lightweight 
Litter Critter. From then on, it'll pick 
up after you. 


PUSH SWEEPER by shop-vac 


Litter Critter” is a registered trademark of Shop: Vac Corporation. Willamsport PA 
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Super PC continued 


A main-frame computer at your 
feet? Has IBM created the ultimate 
line of PCs? The answer is varied. 

IBM’s low-end model 30 is fast, com- 
plete, and competitive, but it’s not 
alone. For example, Zenith Electron- 
ics Corp. switched to 3.5-inch drives 
some time ago, and Tandy Corp. has 
several small desk-top units that in- 
clude many of the board functions of 
the VLSI chips, but for less money 
than the cost of a model 30. “IBM 
hasn't hurt us at all,” says Ed Juge, 
director of market planning for Tandy. 

The Micro Channel bus gives IBM 
an edge over other more elaborate 
computers that now use the 80286 or 
80386 microprocessor. Presumably, the 
multi-lane approach will significantly 
improve the IBM over the competition 
when future multi-user and concur- 
rent programs are used. It will be 
some time—up to a year, say the 
experts—before the new bus could be 
incorporated in other machines. "It's 
not good for the clone makers," says 
industry watcher Esther Dyson, “but 
they don't expect life to be easy.” 

The real excitement in power and 
performance won't be seen for a while, 
because the software lags far behind 
this new generation of hardware. At 
the moment, all the machines use PC- 
DOS 3.3, a new version of the disk- 
operating system that lets them use 
much of the present IBM PC software. 
However, another operating system, 
called OS/2 and developed by Microsoft 
Corp., is expected to be available in 
the future. 

The OS/2 system is designed to take 
advantage of the extended speed and 
capabilities of the 80286 and, in par- 
ticular, the newer 80386 microproces- 
sors. Also, because OS/2 will include 
a version of Microsoft's Windows op- 
erating system, it will be easier to use. 
Icons and multi-screen displays will 
give it a Macintosh look and feel, and 
will eliminate the hard-to-remember 
PC-DOS commands. 

Somebody mention Mac? Those 
changes could pit the high-end IBMs 
more solidly against the new Mac II 
from Apple Computer [“Mega Mac," 
May]. Speed (16 MHz), power (32-bit 
operation), advanced graphics, and 
megabytes of memory make the com- 
puters similar in hardware qualities, 
which will force the two companies to 
compete with an array of new high- 
speed super-smart software. 

For now, super software for these 
super PCs is yet to come, but the 
groundwork certainly seems to be in 
place. “This isn’t just a new addition 
to the IBM family of products,” says 
Lowe, “but a whole new platform on 
which to build the future of personal 
computing.” 05 


“бау, Smokey—" 


Aclinic on cars by Smokey Yunick, America’s most famous mechanic 


Water on the axle 


Ihave a 1984 Chevrolet Fleetside pick- 
up, which I purchased new. At 16,198 
miles (eight months after the war- 
ranty expired), I had it checked be- 
cause the rear axle was making noise. 
Water was found in the axle housing, 
enough to have completely broken 
down the lubricant. The axles were 
completely rusty, and the ring and pin- 
ion gears, bearings, and seals needed 
replacement. This cost $621.40. I 
would like to know what caused this. 
The dealer's service manager says that 
sometimes the rear axle just gets hot 
and pulls water in through the seals. 
The vehicle has not been in deep wa- 
ter, only in rain on city streets and 
highways. 

Frank E. Mangus, Durango, Colo. 


That quantity of water didn't get in 
there all by itself; your truck's axle had 
to be submerged in it, either before or 
after you bought it. A small amount 
of moisture might leak past the seals 
under normal conditions, but it would 
also evaporate and leave through the 
axle vent after driving the truck long 
enough to heat up the oil. 


Running a red light 


I have a 1982 Volkswagen Vanagon 
diesel that has gone 76,000 miles. The 
oil-pressure light switches on at idle 
after as little as 10 minutes of driv- 
ing at 55 mph. The light goes off if I 
increase engine speed slightly above 
idle. The oil-pressure light doesn't go 
on under any other conditions. I am 
using 10W-40 oil. The oil-pressure sen- 
sor has been replaced. 

Zach Kaplan, Alameda, Calif. 


Temporarily install a dial-type oil- 
pressure gauge in the car. You should 
see 10 pounds of oil pressure for every 
1,000 rpm of engine speed when the 
engine is fully warmed up, as it would 
be after 10 or 15 miles on the high- 
way. If the pressure is too low, check 
the condition of the oil pump and pres- 
sure-control valve. If they are OK, look 
for worn or damaged bearings. This 
advice applies to any four-cycle engine. 


Hot day, no start 


My 1982 Oldsmobile Omega with the 
2.5-liter four has a single-nozzle fuel- 


injection system. On a hot day when 
the engine is warmed up, it is almost 
impossible to start. If I raise the hood 
and wait about 10 minutes, it will fi- 
nally start. I think the problem is 
vapor lock. The dealer won't say what 
it is. 

C. L. Stringer, Anderson, Ind. 


The hot-starting trouble is probably 
caused by too-hot fuel. Throttle-body 
fuel-injection (TBI) systems like the 
one in your car are pretty fussy about 
overheating. The gasket under the TBI 
unit is also an important item; make 
sure you have the latest version of this 
gasket installed on your system. Check 
whether the temperature control on the 
air cleaner is working properly. Finally, 
if either the air or water-temperature 
sensors are sour, they can send the 
computer bad dope on how much fuel 
to give the engine. 


No-start diesel 


I have a 1982 Chevrolet Caprice 5.7- 
liter diesel with 125,000 miles on it. 
When the engine is cold, the car starts 
readily. Once the engine is hot, if it is 
stopped for 30 to 60 minutes, I can't 
get it started again unless I let it sit 
for two to four hours. The dealer has 
replaced the starter, batteries, and fuel 
filter. This hasn't helped, and the prob- 
lem is occurring more frequently. 
Anders C. Hellstrom 
Virginia Beach, Va. 


Assuming that your starter motor is 
cranking the engine at the required 
speed, here’s something else you can 
try: The next time you expect this prob- 
lem might occur, remove the fuel filler 
cap. Leave the cap off until you return 
for a restart. If the car starts all right, 
put the fuel cap back on and start 
looking for the reason the fuel tank isn’t 
venting properly. 


Serious hill climbing 


I would like to drive my 1982 Chrysler 
LeBaron with the 2.6-liter Mitsubishi 
engine from sea level up to 14,500 feet 
in altitude at Pike’s Peak in Colorado. 
What changes must be made in igni- 
tion timing and carburetion? 

John F. Stephenson, Middlebury, Vt. 


Don’t change anything. Use the high- 
est octane fuel you can find, and keep 
Continued 


| Габа halel 


Do you dream about a lightweight 

gas outboard that can troll all day at a 
14 MPH, fine tune speed to current con- 
ditions, hold over a good spot, and 
maneuver in tight spots without spook- 
ing fish — all without fouling or stall- 
ing? Your dream just came true, and 
for about half the cost of most small 
outboards. 

Tanaka's Dual Automatic Drive 
works much like an automatic trans- 
mission, so the engine doesn't have to 
"lug down" to maintain slow prop 
speeds. No other gas outboard runs 
Cleaner or outwits more fish. 

Fora 1.2, 1.75, 3.0 or 5.5HP out- 
board and our dealer nearest you, call 
TOLL FREE 1-800-426-7912. 


OUTBOARDS 


22121 Crystal Creek Blvd. SE, Bothell, WA 98021 
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Plug 104 + Fuel Sys- 
tem Cleaner into your 
fuel tank, and you'll 
clean more than just 
your injectors. Its 
exclusive, protected 
formula will clear 
dirt, gum and var- 
nish from injec- 

tion systems, fuel 
lines and carbure- 
tors! Powerful 

stuff! 


104+ Stop Nox is just 
the tool you need to stop 
knocks, pings, overheat- 
ing and more potential 
damage caused by 
today’s poor-quality 
fuels. It contains no 
alcohol or danger- 
ous chemicals and 
is harmless to all 
engine parts. Best 
of all, its from 
104+. The 
worlds No. 1 
brand of quality 
fuel additives! 


DANGER: 


ORDER OCTANE BOOST PRODUCTS DIRECT: 
Racing Decal. Full-color logo sticks on any clean, 
smooth surface. 7x3” $1 


NS 


OCTANE BOOST CORPORATION 
Box 271148 * Dallas, Texas 75227 


“бау, Smoke P omini 


your eye on the water-temperature 
gauge as you go up the mountain. Just 
don't let it get too hot. The high-octane 
fuel is important to help the engine re- 
sist detonation at the higher cylinder- 
head temperatures it will develop run- 
ning heavily loaded at the wide throttle 
openings it takes to get up the big hill. 


That tapping noise 


I have a 1982 Chevrolet Celebrity V6 
with automatic transmission and air 
conditioning. Soon after start-up in 
cold weather, I hear a tapping noise 
that seems to come from under the 
front floor near the catalytic converter. 
The noise speeds up as engine revs in- 
crease, but it is not noticeable at 
speeds above 10 mph. 

L. W. Stewart, Greensboro, N.C. 


That's an easy one: There's a service 
bulletin covering this problem. It seems 
that the fuel-return hose and valve as- 
sembly is the source of the tapping. 
Check with a Chevy dealer for the fix. 


Whining and grinding 


I have a 1985 Chrysler LeBaron GTS 
with a five-speed manual transmis- 
sion. It has 22,000 miles on it. When 
the transmission is cold, the car will 
not shift into second gear without se- 
vere grinding. Even when it was new, 
it had a noticeable whine in second 
gear and wouldn't downshift into sec- 
ond correctly at any temperature. Af- 
ter I put some miles on it, the prob- 
lems diminished, but the car still has 
the cold-shift trouble and some gear 
whine. The dealer has replaced the 
synchronizer rings and says every- 
thing else looks all right. 

Fred Gilman, Chenoa, Ill. 


The whine in the gears is easy to ex- 
plain: The gears are out of spec, and 
should be replaced. As for the shift- 
ing, I suspect that the clutch may not 
be fully releasing due to a sticky spline 
or uneven tension at the pressure plate. 
A dirty or oil-contaminated driven disc 
can also cause disengagement troubles. 


Stalls in driveway 


Iown a 1985 Buick Century with the 
3.8-liter V6 engine with port fuel in- 
jection. No matter what the tempera- 
ture is, when the car is first started 
for the day and then put in reverse, it 


stalls when I back out of my driveway. 
Then, after being restarted a time or 
two, the engine runs fine. The dealer 
says this is a fuel-injection problem 
that affects all General Motors port 
fuel-injection cars built during this 
period. 

Jerome F. Fiechtl, Derby, Kan. 


The car companies are learning more 
about fuel injection, and the systems 
are getting better. But you can't up- 
date the system without having com- 
puter problems and invalidating the 
car's EPA emissions certification. Have 
the injectors removed and cleaned 
(don't forget the cold-start injector); 
using chemical cleaners is a hit-or- 
miss approach that doesn't always 
work. There's also a possibility that 
there is a sensor in your engine that's 
not telling the computer the engine is 
cold, causing a lean condition. 


Sluggish on hot days 


I have a 1985 Pontiac 6000 STE with 
an acceleration problem. When the 
outside temperature is above 80 de- 
grees and the engine (2.8-liter fuel- 
injection V6) is warm, its performance 
is weak at the low end of each gear. 
Also, after a restart when the car has 
been sitting awhile, there is a stum- 
ble on hard acceleration. When the 
weather is cooler, the engine performs 
beautifully. The timing has been 
checked on a computer analyzer, and 
is according to spec. The fuel injec- 
tors have been replaced twice. Do you 
have any idea what's wrong? 

Bob Croft, South Hill, Va. 


I suspect that only a Pontiac dealer will 
have the experience and equipment 
needed to solve your problem. The 
symptoms sound to me like a fuel- 
metering problem, most likely leanness 
when temperatures are high. The en- 
gine computer that controls fuel mix- 
ture receives information from several 
sensors that monitor conditions, in- 
cluding water, air-fuel mixture, and en- 
gine temperature. If one of them is bad, 
the computer will make bad decisions 
about fuel mixture, ignition timing, 
and exhaust-gas-recirculation (EGR) 
control. 


Got a car problem? Send it to “Say, Smokey—,"" POPULAR 
‘Science, 380 Madison Ave., New York, N.Y. 10017. All let- 
ters are read, and those of widest interest are answered in 
this column. Due to the large volume of mail, Smokey can- 
not reply to letters not selected for publication. 
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irst Alert* Ready-Lite" is the powerful 
rechargeable light that plugs directly 
into outlets for recharging. Lasts up to 21/2 
hours per charge and, when fully charged, 
can hold power for up to 1 year! Also has 
KRYPTON bulb, adjustable beam width 
and swivel head for hands-free use! 


Father's Day. 
raduation 


Sure Shot Tele 


Sure Shot Supreme 
Canon 
SURE SHOT 


wo Canon cameras so advanced, they 
make taking pictures easy. The fully 
automatic 35-millimeter Canon Sure Shot 
Supreme—includes auto flash, autofocus, 
auto film load, wind and rewind, auto expo- 
sure, case and lithium battery. The Canon 
Sure Shot Tele—all these features plus tele- 


photo, soft focus and trick shots. When you 
get a Canon Sure Shot, you're sure to get 
your shot. 


The PRO 520e 
When the End of the Road is just the Beginning. 


PRO 520e 
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High Performance Communications, ‘The Pro Series by Uniden. 


From the company that leads the world in radio Styled to compliment other mobile audio equip- 
communications technology comes the next logical ment, the Pro series renders all other CB's obsolete. 
step in the evolution of the CB radio, the Pro Series From the feature packed PRO 540e to the 310e 


by Uniden. handheld there is no better Citizens Band Radio on 
The Uniden line of Citizens Band Radio Trans- the market today. 
ceivers is the most extensive in the industry today. Uniden Pro Series, a new generation of radio 


Melding today's lifestyle with the latest audio fea- transceivers to ensure that when you're out, you're 
tures, precise engineering and contemporary styling. never out of touch. 


== -------4 
For more information ahut Uniden 
СВ Radios or any other Uniden рта 
= uct, fill our the coupen and mail it 
UTI ty. 
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Ne PRO 310e from Uniden. 
This unique transceiver 
is a completely self-contained 

40 channel CB radio built into a 
microphone. Comes complete 
with snap-on battery pack (bat- 
teries not incl.) for full CB power 
whenever you need it. Package 
includes radio, battery pack, mag- 
netic mount antenna, 16' coaxial 
cable, carrying case. The superior 
engineering of the PRO 310e will 
treat your ears to professional 
2-way radio communications as 
you've never heard it before. 


A REAL 
SGREWY GIFT 
IDEA FOR 


=A | his shiny red Honda EX650 
portable generator is the 
"strong, silent-type"—the perfect 
gift for Dad! Equipped with a 
T | h 1 Pat У USDA-qualified spark arrestor and 
e Skil Twist Cordless fully-enclosed with an extra large 
0 muffler, this 650-watt model fea- 
Power Screwdriver tures super-quiet operation. For 
greater durability, Honda’s Oil 
ал е Alert'system automatically stops 
2 the engine before the oil level 
2 reaches an unsafe operating level. 
The EX650 is ideal for camping 
and other recreational uses. 


‘Skil Corporation, Subsidiary of Emerson Electric Co, 4801 West Peterson Avenue, Chicago, IL 60646. © 1987 Skil Corp. 
EMISAS ON © SU Tost sa registered rademark ofthe Эй Corporation, 
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THAT COULD BE THE 
"OF-THE-YEAR. 


tion for reliability. 
Admittedly, a top speed of 


If that seems a bit far- 
fetched, consider: Our auto- 
mobiles have earned the title 
twice in the last six years 
alone. So, why not our riding 
mower? 

After all, both feature 
powerplants that evolved 
from innovative Honda engi- 
neering. Mid-mounted for 
optimum maneuverability, the 
advanced Overhead Valve 


engines that drive our riding 
mowers set the industry stan- 
dard for fuel and oil efficiency. 
Like our automobiles, our rid- 
ing mowers are easy to han- 
dle. With Honda's exclusive 
Mechanical Autoclutch 
Transmission (MAT™), there's 
no clutch pedal to operate. You 
just shift gears and mow. Of 
course, all Honda products 
share an impressive reputa- 


5 mph is slow for a Car-of-the- 
Year, but a beautifully man- 
icured lawn may help you over- 
look that. Indeed, you may be 
inclined to overlook our compe- 
tition, once you realize that 
for the price of a riding mower, 


youcanown HONDA | 
aHonda. А 
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Wash-away plastics 


A Swiss polymer-processing firm has devel- 
oped innovative plastic materials that remain 
water-resistant during use, but then dissolve 
away into nontoxic residues after disposal. 


By STEVEN ASHLEY 


buried remains of today’s civilization, they’re 

going to find a lot of miscellaneous plastic items 
among the debris. Greatly improved chemical stability has 
made polymers tough stuff to get rid of. And if you burn 
it, you get toxic smoke. But now Belland AG, a small 
polymer-processing company in Solothurn, Switzerland, has 
developed “intelligent plastics,” a group of conventional 
thermoplastic materials that are engineered to repel water 
during use, but then to decompose into environmentally 
safe residues when discarded. 

“We can make a water-resistant formulation that 
changes its mind in the middle of the game... that dis- 
solves on command, so to speak,” says Roland Belz, 
Belland’s founder, in a soft German accent as he lifts a 
pink packet of artificial sweetener from the coffee table. 
“Let’s say you want a package like this,” he explains. “Bel- 
land can supply you with a plastic pouch whose exterior 
surface remains impermeable to water for the life of the 
product.” Belz rips open the packet and continues, “But 
when the consumer opens it, water vapor in the air at- 
tacks the inside reaction layer [which contains an acidic 
or basic reagent] and eventually dissolves the plastic into 
harmless constituents. The main problem is to tailor the 
desired physical properties and the speed of the reaction 
to the particular application.” 

Many kinds of other applications are possible, Belz 


W: tomorrow’s archaeologists dig up the long- 


WATER-RESISTANT POLYMER EXTERIOR FILM 
WITH ATTACHED REACTIVE GROUPS 


REAGENT-CONTAINING 
INTERIOR LAYER 


WATER 


DRAWING BY HUGO SALHUANA 


Last year BMW, which owns 25 percent of Belland, tested a 
new plastic coating as a substitute for the wax it uses to 
protect the finish of new cars shipped to dealers. Engineers 
added white pigment to the liquid plastic solution to dis- 
play the effect, and sprayed it on a blue sedan (top). When 
the car was doused with water, there was no seepage 
through the plastic skin. Then a special reagent was added 
to the water spray; within minutes the car was blue again. 
BMW engineers say that the new coating is easier to apply 
than wax and a lot simpler to remove. Another application 
is water-resistant product packaging (above). Once the pack- 
aging film is discarded, water enters the bottom (reaction) 
layer, mixes with the incorporated reagent, and reacts with 
the reactive chemical groups attached to the polymer links. 
The bonds between the reactive groups and the polymer 
molecules break like perforations between toilet-paper 
sheets, causing the entire structure to decompose. 


claims: temporary shield coatings for new cars being 
shipped to dealers or for statues under attack by acid rain, 
disposable plastic bags and containers of all types that 
disintegrate when thrown out, dissolving labels and ad- 
hesives for recycled bottles, protective seed ribbons that 

Continued 
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It all started 25 years ago, in 
the summer of 1962, with the grand 
opening of the first KOA Kampground 
in Billings, Montana. Since then, 
hundreds of millions of campers have 
come to count on KOA, and we plan 
to continue the tradition of providing 
the best in facilities and services for 
our camping guests. 

To celebrate this silver an- 
niversary of camping, we want 
to shower you with great camp- 
ing prizes. Just fill out and send 
us the entry blank you see here, and 
you might win one of the following 
prizes. 


| Grand Prize 


cab by GMC Truck anda fully. mi 
cal Тиск and a full 
Travel Trailer by 


Yellowstone? Inc., ps with unlimited 
free camping during 1988 (registration 
fees only) at any KOA Kampground. 


First Prize 
Jayco* Fold Down Camping Trailer and 
25 nights of free camping (registration 


| 25 days free use of a U-Haul Camping 


Vm Y fees only) at any KOA 


Kampground. 


Second Prize 

25 days free use of a 
U-Haul* Motorhome, (insurance and gas- 
oline not included) and 25 nights of free 
camping (registration fees only) at any | | 
KOA Kampground. 

Third Prize 


Trailer, and 25 nights of free camping 
(registration fees only) 

at any KOA 
Kampground. 


25 Fourth mta 
Complete Cole: 

Camping fence that include a 9' x 
tent, 4 sleeping bags and air mattresses, 


dining fly (not 
shown), 48-quart 
picnic cooler, pro- 
ane lantern, 2- 


nights of free camping (registration fees 
only) at any KOA Kampground. 


KOA Карне Kabin 
Getaway Vacations, con- 
ising of 14 free nights 
ata KOA Kamping Kabin 
(registration fees only), 


good at any participating KOA Калдош. 


КОА Value Cards, good for a10% camping 
discount (registration fees only) at KOA 
Kampgrounds (retail value $4 each). 


OFFICIAL RULES—NO PURCHASE NECESSARY 


1. Toenter, handprint your name, address, and zip code on an official 
entry blank ога plain 3 x 5” piece of paper, or submit а validated receipt 
from any KOA campsite. Enter as often as you wish, but each entry 
must be mailed separately to: KOA Silver Anniversary Sweepstakes, 
P.O. Box 3328, Syosset, NY 11775. All entries must be mailed sepa- 
rately and received by October 31, 1987. 
2. Winners will be selected in a random drawing from 
all entries received. Drawing will ke conducted by National 
Judging Institute, Inc., an independent judging organization 
whose decisions are final on all matters relatis 
stakes. All prizes will be awarded and winners 
by mail. Limit one prize to an individual. In the event the Grand 
Prize or Second Prize is won by a minor, it will be awarded in 
the name of a parent or legal guardian. Prizes are nontransfer- 
able and no substitutions allowed. Taxes and licensing fees, if 
any, are the responsibility of the individual winners. Winners 


fori 

‘Sweepstakes open to residents of the U.S. and Canada (void in Que- 
bec), except employees and their families of Kampgrounds of America, 
its franchises, affiliates, subsidiaries, and advertising agencies, and 
Don Jagoda Associates, Inc. This offer is void wherever prohibited, 
and subject to all federal, state, provincial, and local laws. 
4. Winners residing іп Canada must successfully answeraskil-testing 
‘question as a prerequisite to receiving their prize. 
5. Fora list of major winners, send a stamped, self-addressed 
envelope to: KOA Silver Anniversary Winners, Р.О. Вох 3351, 
Syosset, NY 11775. 


© 1986 Kampgrounds of America 


Three ways to enter! Just mail a validated KOA 
registration receipt, or this Official Entry Blank, 
or a 3" x 5" piece of paper handprinted with 
os name, address, and zip code to: KOA 

r Anniversary Sweepstakes, P.O. Box 3328, 
Syosset, NY 11775. 


Name (please print) 


Address 


City 


State/Province 


Zip/Postal Code 


patch a hole like a 


professional? < > 
Learn this card trick! 
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Patching a large hole is tricky, 
because ordinary spackling can 
cave in or shrink up. That's why 
you need these tricks: Use a 
piece of cardboard with string 
through the center, and be 

sure to use DAP® Fast 'п Final!” 


Place the card through the hole 
and pull the string so it's tight 
against the back of the opening. 
Now, patch the hole with DAP 
Fast 'п Final— it's better than 
ordinary spackling because it 
won't shrink or crack as it dries. 


With Fast "n Final, one fill and 
you're finished. Cut the string 
flush against the wall, and 
you're ready for painting! 


Wash-away plastics 
Continued 


dissolve into ammonia-based fertili- 
zer—even graffiti-resistant coatings 
for subway cars. 

Oddly, the idea arose more than a 
decade ago from Belz's attempt to 
solve a common, though rarely men- 
tioned, problem: dirty public rest- 
rooms and the necessity of using 
strange toilets. His interest was not 
only personal, for Belz knew that a 
waterproof yet disposable toilet-seat 
cover would find a large market. A pa- 
tent search revealed thousands of 
toilet-seat-cover designs, basically of 
two types: flushable paper sheets that 
tear and slide easily; and tough, non- 
slip, waterproof plastic covers that 
could clog up plumbing. 


Smart plastics? 


Despite various polymer chemists" 
advice that “no plastic is so intel- 
ligent,” Belz began to search for a 
material that would combine the ad- 
vantages of both paper and plastic. 
With just a modicum of chemistry 
background, Belz, a trained economist, 
launched into years of research and 
finally came up with a rudimentary 
production system for a polymer ma- 
terial that exhibited some of the de- 
sired characteristics. Independent 
tests at Battelle Memorial Institute 
in Frankfurt, West Germany, con- 
firmed that he was on the right track. 
By 1983, Belz had founded Belland. 

“At first it was just trial and error,” 
Belz says, “but after some time we 
started to understand the kinetics of 
the chemical reactions enough to de- 
velop an extensive data base involv- 
ing hundreds of parameters. At the 
same time, we came up with a way to 
manufacture the plastic in a single 
production sequence with a twin-screw 
extruder that uses computers to con- 
trol the chemical reactions, the refin- 
ing [compounding and blending], as 
well as any further processing. When 
a customer comes to us with specific 
requirements for physical properties,” 
he continues, “we just plug in the 
numbers, and the data base gives us 
a starting-off place based on experi- 
ence that helps us choose the appro- 
priate processing parameters. And we 
can make the product in many forms: 
granulates or pellets, films, sheets, 
tubes, adhesives, as well as water or 
solvent-containing dispersions.” 

Belland is planning to license its 
technology as well as to enter into 
joint ventures with other companies 
to develop specific applications. The 
Swiss firm also has plans to set up 
shop somewhere in the U.S. 

“I tell customers that none of our 
products are made to last an eternity," 
Belz says. "That's a total change in 
thinking for the plastics business.” BE] 


Save Gas, Save Engine with ‘POLY’ 


The following introduces one of 
the most fully tested and creden- 
tialed gas saving, friction reduc- 
ing engine treatments ever to reach 
the market! 

WHAT IS POLY? "Poly" is short for 
polytetrafluoroethylene (TFE). It is the 
slipperiest substance known to man 
(1981 Guiness Book of World Re- 
cords, p. 188). The PetroLon Corpo- 
ration, makers of Slick 50, has inven- 
ted a way to permanently bind this 
slippery chemical to your engine with 
one treatment. АП you do is add one 
quart of Slick 50 to your oil during oil 
and filter change. By reducing engine 
friction, Slick 50 increases gas mileage 
and horsepower and reduces engine 
operating temperature thus causing 
youroil and engine to last longer. Just 
as important, it reduces metal wear, 
defraying costly overhauls. 

HOW DO 1 KNOW THIS ISNT A 
FRAUD? Slick 50 has some very im- 
pressive credentials. The “Consumers 
Digest” magazine (March/April 1982, 
p.35) states "Slick 50 does reduce en- 
gine heat and ordinary wear, and our in- 
formal tests indicate that it will im- 
prove gas mileage by about two or 
three miles per gallon.... Slick 50 
does exactly what Petrolon claims it 
does." Researchers at a nationally 
respected research laboratory, after 
applying a powerful ultrasonic clean- 
ing process to a Slick 50 treated engine 
part, were surprised at its permanence. 
Theystated, "We actually expected the 
PetroLon Slick 50 TFE Resin coating 
to also be removed, but later found it 
was still there." 

The Federal Aviation Adminis- 
tration has fully accepted a similar 
product- Slick 50 Aircraft Treatment 
(F.A.R. *33.49). An FAA test simulating 
1400 hours of engine use (equivalent 
to about 70,000 miles on a car) showed 
almost zero engine wear! 

“Dune Buggies and Hot VW's" 
magazine, April 1983, p. 70-71, records 
the results of their one year testing of 
Slick 50. "We can indeed say scientifi- 
cally that Slick 50 does work and that 
it does reduce enginewear!.... forthe 
price of one treatment when compared 
to engine rebuild. we feel you'd be 
money ahead using Slick 50.” 

Atest done at the San Diego State 
University revealed that, "Slick 50 does 
increase horsepower and decreases 
fuel consumption in tests done at the 
university." The Space Shuttle Colum- 
bia uses the chemical "poly" in its 
gears and bearings because it is the 
only chemical lubricant which can 
withstand the heat and corrosive ele- 
ments of space. 

Perhaps the most dramatic of all isa 
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torture-test overseen by the Automo- 
tive Services Council for Pennsyl- 
vaniaand shown on television station 
WTVE. Three cars with between 75,000 
and 129,000 miles on them were treated 
with Slick 50. Six months later the oil 
was drained from each vehicle and the 
cars were driven without the oil plugs 
for about a half hour. The water tem- 
perature never rose and the engines 
sustained no apparent damage. There 
are many more tests available. If you 
are still skeptical, send $2.00 todefray 
printing and postage costs and we will 
send you additional, more detailed, 
test information, etc. 

HOW DO YOU TREAT AN EN- 
GINE? Very simply. Just before oil and 
filter change, add engine flush (sent 
free with each order) to clean out your 
engine. Let your engine idle for 5 min- 
utes. Then drain your oil, change filter 
and add the proper amount of oil less 
one quart. Add one quart Slick 50, 
drive for30 minutes, and leave it in the 
crankcase for 3,000 miles. As the engine 
operates, the oil carries the “poly” be- 
tween the parts where it is burnished 
into the pores of the metal. Once impreg- 
nated it is permanent. so you do it 
only once, not each time you change 
oil. One quart of Slick 50 will treat all 
standard 4, 6 and 8 cylinder gasoline 
and diesel engines. 

WILLIT WORK WITH MOST OIL? 
Yes. Slick 50 will work with all petro- 
leum based oils and all synthetics com- 
patable with petroleum based oils. 

WHAT ARE THE BENEFITS OF 
SLICK 50? Your actual benefits in 
percentages may vary, depending on 
the kind of driving you do, vehicle 
condition, etc. By reducing friction, 


Slick 50 does all of the following: it 
increases gas mileage. |t increases 
horsepower -- small economy cars 
and large RV's really need this. It 
makes for easier starting (important 
in cold weather). It reduces operat- 
ing temperatures, thus increasing 
the lubrication and life of your oil and 
your engine. Since lubricating lead is 
beingremoved from gas and unleaded 
gasis poorin lubricatingqualities, the 
extra lubrication of Slick 50 on 
valve stems and guides is very valu- 
able. Last. but not least, the drastic 
reduction in engine wear defrays or 
eliminates costly overhauls which 
can save you over $1,000. Slick 50 
eliminates the "lubrication starva- 
tion" that all cars experience when 
first started before the oil has a chance 
to circulate. Up to 90% of the wear on a 
car can be caused by this lubrication 
starvation. You receive all of these 
benefits for less than the cost of two 
tanks of gas ($39.95). 

WILL SLICK 50 HARM MY EN- 
GINEOR AFFECT MY WARRANTY? 
No! Slick 50 is suspended in an excel- 
lent grade of petroleum oil which meets 
or exceeds every manufacturers en- 
gine warranty requirements. In addi- 
tion, this oil carries an API (American 
Petroleum Institute) service classifi- 
cation SF-CC-CD. 

DEALERSHIPS ARE AVAILABLE. 

OTHER SLICK 50 PRODUCTS 
available are Gear Treatment (manual 
transmission, etc), 2-Cycle Engine 
Treatment, Grease, Ultra 9 Oil, Fuel 
Conditioner, and Fabric Protector. Free 
information is sent upon request. 

EASY TOLL FREE NUMBER. Since 
Slick 50 is “too too Slick” for engine 
friction, our toll free number is 1-800- 
22-SLICK (that is, 1-800-227-5425). 

Free engine flush sent with each 
order. Free shipping with orders 
of 2 or more. 

For purchase or further informa- 
tion call toll free 1-800-22-SLICK, 
(in Colorado, call 1-303-772-4797) 
orsendto: FORTMORGANSLICK 
50, 407 Del Rio Road, Berthoud, 
Colorado 80513. 


Û t enclose #39.95+84.00 shipping & hand. 
O 1 want 2 or more (free shipping & hand.) 
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Clou Liner 3800's garage flips open and gobbles up a subcompact саг. A motorized winch hauls the vehicle up the ramps. 


RV review 


Innovative products have arrived in time for the current camping season. Two king-size 
motor homes (one fit—and priced—for a monarch), more-powerful compact tow vehicles, 
new motor-home chassis, and recreational-vehicle accessories highlight this survey. 


By JACK KEEBLER 


large motor home may be the 
А“ in personal road trans- 

portation. Unfortunately, a big 
RV can be a bear to drive in heavy 
traffic. So, many motor-home owners 
tow small cars in which to go explor- 
ing. But towing a car is inconvenient 
and reduces maneuverability. 

The $245,000 Clou Liner 3800 (pho- 
to above) offers another option: a ga- 
rage. Your subcompact car slips into 
the 38-footer’s tail below the master 
bedroom. 

This West German-made rolling 
hotel suite also comes with a custom 
teak interior, heated bed with built-in 
VCR and television, and dual Blau- 
punkt stereo systems. For the wealthy 
—and wary—bullet-resistant versions 
are available. 


Tow muscle for compacts 


American Motors Corp., Ford Motor 
Co., and Chevrolet Motors Division are 
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all packing more power into their com- 
pact trucks. This makes small trucks 
better tow vehicles. 

AMC has installed a four-liter fuel- 
injection-equipped in-line six in its 
Comanche pickups and Cherokee/ 
Wagoneer sport utility vehicles. This 
engine bristles with 173 horsepower 
and 220 pound-feet of torque, provid- 
ing a respectable 5,000-pound tow 
capacity. 

At Ford, Mike Zevalkink, manager 
of Bronco II development, confirmed 
rumors that five-liter V8 versions of 
Ford’s Bronco II and Ranger are cruis- 
ing the company’s proving ground. 
Currently, those compacts sport a 
2.9-liter V6 (140 hp and 170 lb.-ft. of 
torque) as their top engine option, 
which provides a 5,600-pound towing 
capacity. 

"We've enjoyed a [towing] lead until 
recently, and we'd like to regain that 
lead, but the V8 probably isn't the way 
to go in the compacts," says Zevalkink. 
“We're also looking at supercharging 


and turbocharging for compacts. These 
actually may be more promising." 

Chevrolet/GMC Truck & Bus Group 
compact pickups and sport utility ve- 
hicles suffer a serious lack of power 
compared with the rest of the field. 
But several Chevy truck engineers as- 
sured me that this won't be true much 
longer. The fuel-injection-equipped 
160-hp 4.3-liter V6 used in the com- 
pany's Astro/Safari mini-van and full- 
size pickup will replace the present 
2.8-liter V6 sometime next year. Al- 
though the 4.3 enjoys a healthy 35-hp 
advantage over the 2.8, the real dif- 
ference is in torque. The smaller V6 
twists out 150 Ib.-ft. of torque at 2,400 
rpm to the 4.3's 230 lb.-ft. 


Largest yet 


The 1987 Elandan 37RQ (next page, 
top) is the longest motor home ever 
manufactured by Winnebago Indus- 
tries, Inc. A few of the 37-footer's stan- 
dard features: queen-size bed in the 

Continued 


If you think the best way to pay for college i is to 
ut it off for a few years and join the military, you're 
alf right. 

Because with the New GI Bill, you can join the 
Army National Guard and get a guaranteed minimum 
of $18,000 for college. 

But best of all, you serve two days a month 
and two weeks a year. Which means you can go to 
school full-time. Right now. On us. 

Sothe question you have to ask yourself is not, 
can you afford college. 

The question is, can you afford to wait. 

For more information about the Army Guard and 
the New GI Bill, fill out the attached coupon and mail 
it in. Or call 800- 638-7600* 


57; Virgin Islands (S 
xal phone direc 


AIL TO: Army National Guard, Р.О. Box 6000, Clifton. 
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ADDRESS 
CITY/STATE/ZIP 

US CITIZEN 
AREACODE PHONE 

BIRTH D. 
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Army National Guard 


rear bedroom, dual rear wheels, a 
single-wheel tag (trailing) axle, and 
power steering. The vehicle has a 
standard sleeping capacity of five and 
an optional capacity for six snoozers. 

All of this is assembled on a Chev- 
rolet chassis with a 208-inch wheel- 
base and gross vehicle weight (GVW) 
rating of 17,000 pounds. Muscle for 
long grades is provided by a 454-cubic- 
inch Chevrolet V8. Power is transmit- 
ted to the rear wheels via a three- 
speed automatic. Fuel economy is in 
the 7- to 9-mpg range. 


Chassis chatter 


Ford, a longtime chassis supplier to 
RV makers, is offering an optimized 
A-class RV chassis, and Deere & Co. 
is introducing A-class RV chassis for 
the first time this year. 

The Ford-design A-plus van chas- 
sis features special smoother-riding 
shocks, springs, and stabilizer bars 
specifically tuned for RV customers. 
Power is provided by a 7.5- 
liter V8 pumping out a 


ae 


AMC's compact sport utili 
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grade-grinding 245 hp at 4,200 rpm 
and 385 lb.-ft. of torque at 2,800 rpm. 
The A-plus chassis has a GVW rating 
of 11,500 pounds. 

According to David W. Tarrant, Ford 
Division RV sales manager, the A-plus 
will soon benefit from the new Kelsey- 
Hayes rear-wheel-only anti-lock brak- 
ing system. He also tells me that a 
new Ford chassis with a 16,000-pound 
GVW capacity is on the way. 

Interestingly, Ford will be supply- 
ing the 7.5-liter V8 engine and C-6 
three-speed automatic transmission 
for the rival John Deere RV chassis 
offered with 178-, 190-, 208-, and 
228-inch wheelbases. The GVWs of 
the Deere chassis range from 15,400 
to 18,000 pounds. Winnebago is one 
of the many RV builders now using 
the new Deere units. 


Low profile and cool 


RV makers are paying greater at- 
tention to vehicle aerodynamics to en- 


= 


rp га 


vehicle currently leads the pack in engine muscl 
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The Winnebago Elan- 
dan 37RQ is the longest 
motor home the com- 
pany has ever con- 
structed. Base price of 
the 37-footer is $57,393. 
Note the smoothly sculp- 
ted nose, extreme wind- 
shield angle, and aero- 
dynamic side-view mir- 
ror fairings. 


hance fuel efficiency. Now they're 
getting some help from a maker of 
rooftop air conditioners. 

The Coleman Co. has engineered a 
new low-profile rooftop RV cooler 
called the Super Mach. It's just 9% 
inches tall and uses a special horizontal 
compressor, dual blower wheels, and 
large wraparound coil to provide 
13,500 Btu/h of cooling capacity. The 
new Coleman unit is priced at approx- 
imately $700. 


Tankless RV hot water 


A tankless water heater capable of 
delivering 30 to 60 gallons of 90- to 
105-degree-F water per hour—hour 
after hour—is now available for motor 
homes. The 110-volt unit, made by 
Chronomite Laboratories, Inc. (21011 
S. Figueroa St., Carson, Calif. 90745), 
weighs just six pounds and measures 
6 by 9 by 2% inches. Water is heated 
automatically when the tap is turned 
on. Price: $245. 05 


or towing with а 173-hp in-line = 
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Nationwide quality survey 
shows, Ford Motor Company is 
making the highest quality cars 

2 "and trucks designed and built 


in NorthAmerica * 


1982. 


Ford does it gain. 


1983. 


And.again. 


1984. 


And агаш. 


1985. 


Апа again: 


1986. 


Апа again. 


* Based оп'ап average of owner- 
reported problems in a'geries of 
surveys of '81-'86 models designed 
and built in North America. 


We can offer 


a warranty 


this good: 


6000 0ff 


Ford Motor.Company’s 
new, 6-year, 60,000 
mile warranty. 


With.a quality record better 
thanany other major American 
carmaker, we realized we Could 

givé you a-better warfahty than 
we ever had before. 

A 6-yeat, 60,000 mile 
powertrain warranty ón all our 
new Ford, Mercury, Lincoln 

and Merkur cars, our vans, 
and our light trucks ** 

With a:warranty ike that, 
and a quality record like 
ours, there's really no reason 
to go with anyone else. 

*  Resiiictiohs and deductible apply. 


Ask your dealer for a copy of this 
limited warranty. 


Gord 


б s 

Quality is Job 1. 

Ford · Lincoln + Mercury» Merkur 
Ford Trucks - Ford Tractors 


What’s News 


lar 
Science 


The tragic loss of Challenger may have 
had yet another cause, undisclosed 
until now. A University of Wisconsin 
professor, William P. Birkemeier, says 
that undetected wind shear may have 
placed extra strain on the booster- 
rocket O-rings now identified as the 
cause behind the accident, resulting 
in their failure. 

Birkemeier, who has studied high- 
altitude winds and wind detection for 
20 years, points to several pieces of 
evidence. Videotapes of the flight, for 
example, show sharp right-angle jogs 
in the smoke trails left by both the 
rising rocket and falling wreckage. He 
has also analyzed satellite photographs 
of the Cape Canaveral area shot while 
the shuttle was being launched and 
found confirming evidence of strong 
winds. And he got from NASA the 
data on engine swiveling during the 
shuttle’s brief flight. (The rocket en- 
gines swivel to keep the vehicle on 
course.) The swiveling pattern, he 
says, is exactly what would be ex- 
pected if the rocket were knocked off 
course by shearing winds. 

Chief astronaut John Young, com- 
menting on the new finding, said 
NASA should look into the wind-shear 
problem and perhaps set up better 
methods of detecting shear. Otherwise, 
he said, “we may learn from another 
sad experience that we have not fixed 
the complete problem correctly.” 


Fighting wind shear 


Robert Gannon’s article on wind shear 
[March] pointed out that the phenom- 
enon is more common than previ- 
ously thought, that pilots can some- 
times fly out of it if they recognize 
it soon enough and apply proper cor- 
rective measures, and that cockpit in- 
struments to help them recognize it 
early are on the way. There is prog- 
ress to report on two fronts. First, 
Boeing Co. has designed and delivered 
to the FAA a training program that 
will teach pilots how to fly through 
wind shear. McDonnell Douglas Corp. 
and Lockheed Corp. also contributed 
to the document, adapting the train- 
ing procedures to the flight character- 
istics of their aircraft. A regulation 


in the works will require that all 
airline pilots go through the training. 

Second, cockpit instruments to de- 
tect wind shear early are being ap- 
proved for use. The Boeing 737 now 
has an approved instrument available, 
as do some models of the 767. The 757 
and other 767 models have just been 
approved, and the 747 will have such 
an instrument available in 1988. 


Looney concrete 


What may be the smallest batch of 
concrete—and the most expensive 
—has just been made. Workers at Con- 
struction Technology Laboratories in 
Skokie, Ill., made the concrete with 1.4 
ounces of soil that NASA brought back 
from the Moon. They cast a one-inch 
cube and three small beams three 
inches long and a fraction of an inch 
in the other dimensions, then put them 
through conventional engineering 
tests. 

The conclusion: If we ever want to 
put a station on the Moon, we can 
build it of concrete made of lunar 
materials. Alumina cement can un- 
doubtedly be made by heating Moon 
rocks, and the soil makes a fine ag- 
gregate. The only problem would be 
water, which does not exist in a free 
state on the Moon, although it can be 
obtained by heating ilmenite, a min- 
eral found in some lunar soil, in the 
presence of hydrogen. 

People who think about such things 
are already beginning to talk about 
what buildings made of this concrete 
would be like. First, they would not 
have to be braced to withstand earth- 
quake shock or wind load. And with 
gravity at one-sixth Earth value, struc- 
tural members could be longer. But 
the building would have to be able to 
maintain one atmosphere inside, to 
shield its inhabitants from cosmic 
rays, and to withstand strikes by mi- 
crometeoroids traveling at speeds up 
to 25 miles per second. 


Auto navigation 
The ETAK navigational system Herb 


Shuldiner wrote about in the June 
1985 issue is now being tested in 15 


National Car Rental System cars in 
San Francisco. The navigational sys- 
tem, which uses motion sensors to 
constantly update position on a map 
displayed on a CRT screen, would be 
particularly useful for out-of-town driv- 
ers who rent cars at airports and don't 
know the surrounding area too well. 
National says General Motors Corp. 
will make the device available as an 
option on ’89 cars; GM says it never 
discusses future product plans. 


Laser sight 


POPULAR SCIENCE has been covering 
developments with that marvelous 
light source, the laser, since the first 
one flashed into action at Hughes Re- 
search Labs almost 30 years ago. Now, 
perhaps one of the most astonishing 
applications so far: Dr. Herbert E. 
Kaufman, an ophthalmologist at Loui- 
siana State University, New Orleans, 
is about to try to make nearsighted 
people see normally by reshaping their 
corneas with an excimer laser. 

The development grows out of a 
discovery made a few years ago by Dr. 
R. "Srini" Srinivasan of IBM Corp’s 
Thomas J. Watson Research Center. 
He found that the excimer laser, in- 
stead of burning away biological spec- 
imens he tried it on, made the tissues 
chemically decompose, giving incred- 
ibly clean cuts only a few millionths 
of an inch deep. It occurred to doctors 
at Columbia University that perhaps 
the technique could be used to reshape 
corneas and improve sight. 

Now researchers at a half-dozen lo- 
cations have shown that the process 
does indeed work and that the corneas 
heal clean and crystal clear. The first 
human trials will be on volunteers 
who are about to lose an eye (from 
cancer, for example) and have nothing 
to lose if the experiment doesn't work. 
The highly promising technique could 
be in general use in two or three years. 
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If Congress approves its construction, the Superconducting Super Collider will be man- 
kind’s largest device ever, and one of the costliest, at an estimated $4.4 billion. Purpose of 
the giant accelerator: to plumb the mysterious domains of particle physics in search of the 
fundamental entities and forces that govern the nature of all things. 


By ARTHUR FISHER 


hrow deep.” 
T That's the red-lettered message on a sign tacked to 

a bulletin board in a Lawrence Berkeley Laboratory 
building high above San Francisco Bay. And that's what 
President Reagan, quoting pro quarterback Ken Stabler, 
said at the end of a meeting to discuss the pros and cons 
of building the SSC, or Superconducting Super Collider. 
In short, go for the big one. 

Big it is. Bigger than those wonders of the ancient world, 
the Pyramids of Egypt and the Colossus of Rhodes. When 
it is completed in 1996, the SSC will be (assuming Con- 
gress goes along with the administration's proposal and 
votes for the necessary funds— $4.4 billion in 1988 dollars) 
the largest particle accelerator ever built, dwarfing Fermi 
National Accelerator Laboratory's Tevatron, in Batavia, 
Ill., and the Center for European Nuclear Research's Large 
Electron-Positron Ring, now being built near Geneva, Swit- 
zerland. (See drawing for size comparison.) At a site yet 
to be chosen, the SSC will consist of a race-track-shaped 
tunnel 52 miles in cireumference, 10 feet in diameter, and 
buried at least 30 feet underground. 

Inside the tunnel, two rings of superconducting mag- 
nets—some 10,000 of them, strung like pearls on narrow, 
evacuated particle beam pipes—will focus and guide two 
beams of protons traveling in opposite directions. The pro- 
tons race around their tracks millions of times, getting 
an extra jab of radio-frequency energy with each circuit, 
until they are traveling at nearly the speed of light. At 
special chambers called interaction halls, the opposing 
beams will cross over and collide with an energy 20 times 
greater than any before achieved: 20 trillion electron volts 
(TeV) per beam, for a total of 40 TeV. Massive detectors 
will record and analyze the debris left by these titanic 
collisions. 

Why have particle physicists been clamoring for such a 
monster? Why does it have to be so much bigger and more 
powerful than any other accelerator? Wouldn't something 
only one-half its size—still a big jump upward—have 
sufficed? And why has an administration opposed to 
“budget-busting” decided to back the SSC, even in the face 
of complaints from other scientists that it will divert too 
much money from other worthwhile projects? 

The administration's rationale was given by John S. 
Herrington, Secretary of the Department of Energy, in 
announcing the President's approval last February. He 
termed the decision *a momentous leap forward for Amer- 
ica and science and technology. ... The Super Collider holds 
the potential for a new generation and a new revolution 
in science, education, technology, and commerce. Like 
Apollo, it will have spinoffs, discoveries, and innovations 
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that will profoundly touch every American. ... Once again, 
this nation has said there are no dreams too big, no inno- 
vation unimaginable, and no frontiers beyond our reach." 

The particle physicists' reasoning can be put less grandly: 
They are stuck. Without powerful new experimental tools, 
they cannot progress beyond their present theories of the 
nature of matter and energy, space and time. To under- 
stand why, consider how we got to the so-called Standard 
Model of particles and forces. 


Atom smashing 


The route to that model has been paved with some 30 
years of experimental data from accelerators. Just as the 
telescope is the basic tool of the astronomer, and the mi- 
croscope of the biologist, the accelerator serves the physi- 
cist as a way to look inside the atom. It does this with 
what has been called the "Swiss watch" method: To find 
out what is inside a Swiss watch, bang two of them to- 
gether and see what comes out. High-energy physicists 
have been banging atomic particles together with ever- 
increasing force in the instruments designed for that 
purpose—accelerators. 

Until about 20 years ago, all accelerators were of the 
type known as fixed-target, in which a beam of speeding 
particles smashes into a stationary target. New technol- 
ogy brought the advent of colliders, in which two counter- 
rotating beams collide head-on at designated points. The 
advantage of the collider design is that almost all of the 
kinetic energy borne by the two particles goes into creat- 
ing new kinds of matter, whereas in the fixed-target de- 
sign most of the single particle’s energy is wasted in 
contributing to the forward motion of the collision prod- 
ucts. The difference is tremendous. The useful energy of 
the SSC will be 40 TeV, the sum of its twin 20-TeV collid- 
ing beams. If one of these beams were simply aimed at a 
fixed target, the useful energy would be only 0.2 TeV. 

And the energy level is crucial. Because matter and en- 
ergy are interchangeable in the nuclear domain, the more 
massive a particle, the more energy is needed to create it 
in the innards of an accelerator. One salient example: Par- 
ticles called the W’s and the Z were predicted long before 
they were actually created and identified in 1983, at the 
Super Proton Synchrotron at the Center for European Nu- 
clear Research [“Cosmic Order,” May ’83]. They were 
simply too massive to have been seen until that collider 
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The SSC, to be housed in an underground race-track-shaped 
tunnel, would be the largest particle accelerator ever built. 
Here, the accelerator’s 52-mile circumference is superim- 
posed on a satellite view of Washington, D.C. 


PROTON BEAM 


DRAWING BY DAN OSYCZKA 


CROSS SECTION 
THROUGH 


FUTURE INTERACTION HALLS 


SPRAY OF PARTICLES FROM 
PROTON-PROTON COLLISION 


The object of the SSC is to collide two 
beams of counterrotating protons (red 
and green lines) with an energy of 40 
TeV. Each beam travels in a separate 
ring, consisting of a narrow evacuated 
pipe surrounded by cryostats and su- 
perconducting magnets. The liquid he- 
lium cryostats cool the rings to just 4.3 
Kelvin. Two kinds of magnets are used: 
dipoles, which bend the proton beams, 
and quadrupoles, which focus them. 
Each ring has 3,840 dipoles and 888 
quadrupoles, plus other special-pur- 
pose magnets. The dipoles are about 
57 ft. long; the quadrupoles, about 
14 ft. long. A cross section of one 


ring through a dipole appears above. 

The protons first pass through a lin- 
ear accelerator, and from there enter 
a series of three booster rings, each ac- 
celerating them to a higher energy. 
They enter the main rings—130 trillion 
protons per ring—at 1 TeV, and are 
ultimately accelerated to 20 TeV by 
radio-frequency quadrupoles in mil- 
lions of swings around the SSC. The 
beams are made to collide in interac- 
tions halls; six will eventually be built. 
The collisions will generate sprays of 
many kinds of particles, possibly in- 
cluding such as-yet-unseen entities as 
the Higgs boson and others. 


A computer simulation of one such 
proton-proton collision in the SSC is 
here superimposed over one of the in- 
teraction halls. The colored tracks are 
the paths of different particles. 

The giant scale of the SSC is shown 
in the illustration at right, in a com- 
parison with three other large accel- 
erators (two of them under construc- 
tion) and Manhattan Island. The three 
accelerators are Fermilab’s Tevatron, 
now operating; a Soviet collider at 
Serpukhov; and the Large Electron- 
Positron Ring, in Switzerland. The SSC 
is actually shaped like a race track, 
with straightaways and curved ends. 


crashed beams of protons and antiprotons together with a 
total energy of 630 billion electron volts (GeV). 

The discovery of the W’s and the Z—called intermedi- 
ate vector, or force-carrying, bosons—confirmed a predic- 
tion of a theory unifying two of the fundamental forces in 
nature, electromagnetism and the weak nuclear force, and 
more or less capped the Standard Model. 

Going deeper 

On a recent visit to Fermilab, I asked Leon Lederman, 
the facility's wise and witty director, about the status quo 
and the need to go beyond it. “If you summarize all the 
physics up to a certain energy level,” he told me, “it is 
called the Standard Model. Briefly, it says the world’s fun- 
damental building blocks are six quarks and six leptons 
and their antiparticles. The quarks and leptons seem to 
fall naturally into three families, grouped according to 
their properties. Then there are four forces that govern 
how these particles combine and interact: electromagne- 
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tism, the strong nuclear force, the weak nuclear force, 
and gravity. In turn, these forces are carried by other par- 
ticles: photons, gluons, and the W’s and Z. Gravity, we 
don’t know much about... but there’s hope. 

“So that’s the Standard Model. It identifies the funda- 
mental building blocks. It provides a powerful new math- 
ematical formulation, known as gauge-symmetry theory, 
for the four basic forces. And it takes a giant step—the 
formulation of the electroweak theory—in the fifty-year 
search for a unifying principle. It incorporates the two 
earlier revolutionary theories of the twentieth century, the 
quantum theory and special relativity. And it accommo- 
dates all the data coming out of all the accelerators that 
have ever been built since the Leaning Tower of Pisa. So 
it is a very powerful synthesis. You can write all the rules 
down in a couple of pages. 

“Of course,” Lederman continued with a grin, “you сап 
quite fit it on a T-shirt, my favorite model for the correct 
theory. 


INTERACTION HALLS 


RADIO-FREQUENCY ACCELERATORS 


LARGE ELECTRON /POSITRON COLLIDER (LEP) 


RINGS WITH CRYOSTATS, 
MAGNETS, AND BEAM TUBES 


SUPERCONDUCTING SUPER COLLIDER (SSC) 


SERPUKHOV COLLIDER 
FERMILAB TEVATRON 


DRAWING BY JEAN WISENBAUGH 


“All of this has brought us to a new level of understand- 
ing of physical laws. And yet, the Standard Model has 
ticking away in it some very dramatic incompletenesses, 
some serious defects. For one thing, it does not account 
for the masses of the quarks and leptons, or for the pat- 
tern of apparent families of particles. Why are there three 
families? Are there any more?” 

There is also much uneasiness, says Lederman, because 
a good theory should be essentially simple. The Standard 
Model contains about 20 parameters—numerical values 
that are just there rather than being predicted by theory. 
“Designing the world this way,” Lederman said, “the Cre- 
ator would have had to set twenty dials carefully at seem- 
ingly arbitrary values.” 

There is an even more serious defect, says Lederman. 
The carriers of the weak nuclear force, the W and Z bos- 
ons, are very massive—100 times more so than the pro- 
ton. But gauge symmetry—essential to the unification of 
forces—implies that the force carriers have zero mass, as 


does the photon. Current unification theory holds that at 
some enormously high energy regime, such as the one 
that reigned in the first instants after the Big Bang, all 
the forces were symmetrical, and all their carriers mass- 
less; but at lower energies, the symmetry became broken. 
Just how does the symmetry break? 

“This apparent breaking of symmetry is one of the most 
unhappy elements of the Standard Model,” said Lederman. 
To get around it, to provide a symmetry-breaking mecha- 
nism, theorists invented an as-yet-undetected particle 
called the Higgs boson, named for Dr. Peter Higgs, now at 
Edinburgh University in Scotland. The Higgs boson 
hypothetically is the carrier of yet another force, 
which acts on the W and Z particles to give them large 
masses. Its properties are “delicately chosen,” said Leder- 
man. “The Higgs mechanism is very awkward... it could 
be said that it is a rug under which is swept our igno- 
rance of the meaning of structure or lack of structure for 
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an elementary particle. The Superconducting Super Colli- 
der is specifically designed to confront the Higgs theory 
with decisive data.” 

How? Theory predicts that the Higgs boson, if it exists, 
cannot have a mass greater than 1 TeV. “Something has 
to happen at one trillion electron volts,” said Lederman. 
“Some new physics has to be there to account for this busi- 
ness that we lump together and call Higgs.” Then isn't it 
overkill to design the SSC with an energy of 40 TeV? 

The answer is no, for the numbers are deceiving. The 
energy actually available to create new entities depends 
on the particles that are colliding. “In a machine that 
accelerates electrons and positrons and causes them to 
collide in head-on collisions, that number is very easy to 
come by,” Lederman told me. “It is simply the sum of the 
energies of the two counterrotating beams. But the situa- 
tion is different with a proton, which is a complicated ob- 
ject, not a single pointlike particle like an electron. A 
proton is made up of three quarks that are held together 
by gluons. So when you accelerate a 
proton, you are carrying with it the 
baggage from lots of other things, and 
the proton’s energy is actually shared 
among those things.” 

The thing that creates new physics, 
says Lederman, is the collision of these 
constituents of the proton and anti- 
proton—a quark-quark or gluon-gluon 
collision. And that energy is only a 
fraction of the total, a fraction that 
varies in complex ways. 

One useful analogy is to think of a 
proton-proton collision as banging to- 
gether two bean bags rather than two 
billiard balls. The energy level of the 
SSC was chosen to ensure that the 
“beans” would collide with an energy 
of at least 1 TeV. At this level, the door 
to new physics, now locked, springs 
open. Investigators will be seeking 
out, in addition to the Higgs boson, 
the “top” quark, which the Standard 
Model predicts but which has never been detected with 
certainty. “There is a very rich spectrum of particles pro- 
posed by our friends who developed supersymmetry the- 
ory,” Lederman said. That theory demands heavy particles 
with Runyonesque names like “winos,” “sleptons,” and 
"Higgsinos" Their appearance or nonappearance in the 
SSC may allow physicists to learn which of several com- 
peting post-Standard Model theories is the correct one. 

“On the other hand, we may be in for a tremendous 
surprise,” Lederman said. “Some totally new and unex- 
pected picture of nature may emerge.” 

So much for the reasons the SSC needs to be so power- 
ful. Why does it have to be so big? 

Because protons carry an electrical charge, they can be 
accelerated by an electromagnetic field such as radio 
waves. Protons in the SSC will be accelerated by radio- 
frequency fields. Each passage through such a field slightly 
boosts their speed and therefore their kinetic energy. To 
achieve very high energies, the protons must receive mil- 
lions of such kicks, which means they must travel along a 
closed path, usually a circle or race-track-like oval. (To 
accelerate protons to 20 TeV in one straight pass would 
require a tube more than 600 miles long.) 

And that’s the problem. Like any other moving object, 
protons and all other particles obey Newton's Law of Iner- 
tia: They want to move in straight lines. To confine them 
within a closed curve, their paths must be bent by power- 
ful magnets. And the higher the energy of the particle 
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proton-proton collision 
as banging together 
two bean bags 

rather than two 


billiard balls 9 3 


beam, the more “rigid” it becomes—the harder it is 
to bend it along a curved path. So for a given magnet 
strength, the higher the energy of the protons, the greater 
the path’s circumference must be; increasing the circum- 
ference reduces the sharpness of the bend. 

In fact, the 52-mile circumference chosen for the SSC is 
a trade-off between size and magnet design. Original pro- 
posals had the circumference at anywhere between 50 and 
100 miles. The larger circumference would have saved 
money in magnets, but the collider would not have fit at 
many of the suggested sites (some 20 states are eager for 
the SSC to be in their territory), and a larger tunnel would 
have cost more to excavate and build. The race-track shape, 
with its straight passages, is simply more convenient for 
experimental purposes than a circular layout. 

Such decisions have been the concern of a band of sci- 
entists and engineers called the SSC Central Design Group. 
After the administration’s go-ahead was announced, I vis- 
ited the group’s director, Cornell University physicist 
Maury Tigner, at SSC headquarters. 
It is on the grounds of Lawrence Ber- 
keley Laboratory, high above the main 
University of California, Berkeley, 
campus, at the end of a long hill- 
climbing street appropriately named 
Cyclotron Road. Ernest O. Lawrence 
invented the cyclotron, first of the 
modern breed of accelerators, in 1930, 
for which he won the Nobel Prize. It 
was five inches in diameter. 

Tigner’s office was down the hall 
from the bulletin board with the 
“Throw deep” sign. It was filled with 
the usual stacks of files, documents, 
and books, with one slightly incongru- 
ous note: Sandwiched between an en- 
gineering handbook and a physics text 
was a volume of the poems of Wallace 
Stevens. Finding a “resonance” in 
some of the harder poems, Tigner said, 
was a challenging and satisfying in- 
tellectual experience. 

So, of course, is particle physics. “We regard the field,” 
Tigner told me, “as part of a continuum that stretches 
back in history —part of the effort to understand the world 
around us, one of man’s premier intellectual and cultural 
activities. We've been using accelerators to do science ever 
since the late twenties and thirties, when Cockcroft and 
Walton and Ernest Lawrence showed us how to make in- 
struments that achieved a resolving power of about nu- 
clear dimensions. 

“Since that time, this science has always been big sci- 
ence, requiring major resources. So the followers of this 
trail have always had to organize themselves to share the 
resources, much as astronomers do with their telescopes. 
As the needed instruments have become bigger and more 
expensive, they’ve become fewer and fewer in this country 
and around the world, and the time needed to plan them 
and bring them to reality has grown longer and longer.” 
(The United States had 22 modern accelerators in 1953; 
now there are four.) 

I asked Tigner about the genesis of the SSC. 

“We can trace it back to the early seventies, when peo- 
ple began to understand that the accelerators then in ex- 
istence were only going to go so far in giving us access to 
the energy that was needed to press beyond our under- 
standing. Even then, the Standard Model was pretty much 
in place, and we were already beginning to perceive its 
problems—the many fundamental questions left un- 

[Continued on page 110] 
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Superconducting niobium-titanium 
wire cable for the SSC’s magnet coils 
is made with 23 strands of wire, clearly 
seen in the cross-sectional photo at top. 
It has a slightly wedge-shaped profile 
so that it conforms to the shape of the 
magnet coils. The cable itself is only 
about М in. wide. Each wire averages 
about one-tenth of that. The internal 
structure of the wire with its thousands 


of ultrafine filaments is clearly visible. 
The middle photo gives a magnified 
cross-sectional view of these niobium- 
titanium alloy filaments. There will be 
roughly 13 miles of superconducting 
wire in the SSC. 

The bottom photo shows the spe- 
cially designed cabling machine for 
fabricating the SSC’s superconduct- 
ing wire cable. Individual wires are 


brought together from separate spools, 
drawn through a guide, and then 
twisted before being flattened. The de- 
vice is capable of handling up to 36 
strands. 

The photo at right shows one of the 
giant dipole superconducting magnet 
assemblies being tested at Fermi Na- 
tional Accelerator Laboratory, in Ba- 
tavia, Ш. 
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READ/WRITE 
LASER 


A tunable red laser is directed into a vat of liquid helium 
to write on IBM’s submerged photon-gated materials. 


The storage capacity of a laser disc is lim- 
ited by the size of a recorded laser spot. IBM 
researchers are overcoming that limitation 
by developing a computer memory that 
would store one thousand times more in- 
formation in the same spot. The key is to 
store data in molecules trapped in crystals. 


By NAOMI J. FREUNDLICH 
Drawings by Mitchell J. Albala 
San Jose, CALIF. 


he rudiments of the advanced computer memory sys- 
T tem wait submerged in a three-foot-high vat of liquid 
helium at —450 degrees F Key components are small 
wafers made from an exotic crystalline material. Red and 
green lasers, directed through the vat, home in on a tiny 
spot on the wafer. The red laser is then rapidly tuned 
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FREQUENCY 


At very low temperature (that of liquid helium), the individual 
molecules dispersed in certain solids such as crystals and glass 
can absorb light over a range of slightly different frequencies. 
These absorption variations depend on where a molecule is 
located in a solid. In a crystal, each molecule experiences 
different strains and dislocations, depending on where it's lo- 
cated in the crystal lattice һе absorption of these mole- 
cules can be plotted against frequency to create a broadened 
‘spectrum that represents differing molecular absorptions (2). 


through many discrete intermediate frequencies—changes 
too subtle to be detected by the human eye. When a low- 
power laser probes the same wafer spot, a photodiode de- 
tector records several peaks, or blips, as light is transmitted 
through the wafer. “Those blips are signaling spectral holes 
where data have been recorded,” says Roger Macfarlane, 
a research scientist at IBM's high-tech Almaden Research 
Center here. 

But the blips signify more than that. These submerged 


MEMORY 
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ABSORPTION 


Á 


ABSORPTION 


FREQUENCY 


IBM researchers are taking advan- 
tage of this property of molecules 
trapped in certain solids at low tem- 
peratures. To record data in a frequen- 
cy-domain storage system, first a gat- 
ing laser (blue arrow) must be switched 
on. Its function is to provide the thresh- 
old energy for a digital 1 to be re- 
corded. Digital 1s are recorded when 


FREQUENCY 


the second laser, a laser tuned to one 
of the intermediate frequencies, is 
pulsed. This dual-laser combination 
bleaches, or changes the absorption of, 
a particular group of molecules (top 
row). The bleached molecules no long- 
er absorb at their signature frequency. 
To read data (middle row), the gating 
laser is shut off, and at low power, the 


FREQUENCY 


writing laser is tuned through а! 
intermediary frequencies. Where infot 
mation has been recorded (a digital 1), 
light passes through the medium, leav- 
ing a dip in the absorption spectrum. 
(bottom row). 

To erase data, a light pulse from an- 
other colored laser restores absorption 
at the signature frequency. 


wafers and their spectral holes signal the beginning of a 
new realm of computer storage—using hundreds of slightly 
different laser wavelengths to write vast quantities of data 
into the individual molecules scattered throughout a crys- 
tal. Years of research remain, however, before this labora- 
tory work can become a commercial product. 

А winding canyon road curving upward past acres of 
parched range land is the only approach to IBM's new 
Almaden research facility. Inside the modern green metal- 


and-glass building, research scientists pad around in blue 
jeans and leather sandals, and administrative types are 
scarce. Almaden houses some of IBM's most advanced re- 
search—ideas that might hit the marketplace in a decade 
or so, if ever. 

The molecular data-storage system—or frequency- 
domain optical storage—is one of these projects. If suc- 
cessful, it will put even the most capacious computer mem- 

[Continued on page 118] 
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After a slow descent to — 300 degrees F and back to room temperature, steel tools тау 
wear better—sometimes spectacularly better. So may copper welding electrodes and car- 
bide parts. Yet this relatively inexpensive process is not widely applied. Why? The treat- 
ment doesn’t always work, and the scientific underpinnings have not been proved. 


By V. ELAINE GILMORE 


orthrop Corp. tested some spe- 
N cially treated high-speed steel 

drill bits and found that they 
cut twice as many holes in titanium 
plate as did identical drills that hadn't 
been treated. 

Mallory Corp. had some of its cop- 
per welding electrodes subjected to the 
same treatment and found it extended 
average life from 20 to 120 hours. 

Tom Willis, one of the country's 
top-10 amateur dirt-bike racers, had 
the engines and other parts of his 
motorcycles treated. Thanks to the 
treatment, he says, he seldom has a 
breakdown, even in the torturous en- 
vironment of desert racing. 

The treatment in all of these cases 
was a long, slow, and very deep freeze 
—to around the temperature where 
liquid nitrogen boi —320 degrees 
Е Called deep-cryogenic processing, it 
is done by a handful of firms in the 
US. All have reams of testimonials 
from imp! ive clients attesting to 
the benefits (mostly) of the freeze: 
Steel cams and gears wear better, cut- 
ting edges y sharp longer, and weld- 
ing electrodes make more welds, the 
clients report. Sometimes the improve- 
ment is dramatic: А part may last 
many times longer than an identical 
unfrozen part. 
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Cryogenic processing is relatively 
inexpensive, adding from 10 to 15 per- 
cent to the cost of a tool. And unlike 
wear-resistant coatings (such as tita- 
nium nitride), you don't lose the ben- 
efits when you regrind a tool. 

Proponents of the freezing treat- 
ment make some oddball claims as 
well: Treated golf balls go farther, 
they say, and nylon panty hose wear 
longer. A violinist claims his violin 
strings not only last longer but sound 
"brighter" after the chilly treatment. 

Why should deep freezing have any 
of these effects? "Some research has 
been done, but there are more ques- 
tions than answers," admitted Dr. Jef- 
frey Levine, a physicist and president 
of Applied Cryogenics, a processing 
firm in Newton Upper Falls, Mass. 


The process 


Levine's small office, decorated with 
posters of penguins (“our mascot,” he 
noted with a smile), leads to a long, 
narrow room where the super refrig- 
erators reside. “This is our original 
cryogenic processing machine,” Levine 
said, pointing to a white cube about 
six feet square. Beside it sat a tank 
of liquid nitrogen. Levine and his 
partner, Bruce Norian, a mechanical 
engineer, designed and built the proc- 
essor. "It's mostly insulation," Levine 
told me. 


The machine's center cavity of gal- 
vanized steel is surrounded by an air 
space. When parts are treated, liquid 
nitrogen flows into the space; it does 
not touch the parts. If it did, many 
would fracture from the thermal 
shock. 

The temperature descent is very 
slow. Levine and Norian designed a 
controller that constantly compares 
the internal temperature with a set 
time-temperature profile and meters 
in the liquid nitrogen accordingly. “It’s 
roughly an eight-hour descent from 
room temperature down to about 
minus three hundred degrees Fahren- 
heit," Levine explained. That temper- 
ature is maintained for 10 to 20 hours. 
Then begins an even slower tempera- 
ture ascent—as much as 30 hours to 
reach room temperature. 

Finally, the treated parts are tem- 
pered by heating to 300 degrees F 
above zero. The entire cycle takes ap- 
proximately 60 hours. Applied Cryo- 
genics charges $5.75 a pound for the 
treatment, with a $35 minimum per 
customer. The company also sells high- 
tech computer-controlled cryogenic 

Continued 


А batch of industrial tools comes out 
of the deep freezer at Amcry Corp., a 
cryogenic processing company. Elliott 
Pucker, president of Amcry, presides. 


treatment machines that Levine and 
Norian design themselves and build to 
order. 

They are not the first to use cold 
treatment to improve the properties 
of metals. Indeed, legend has it that 
for years Swiss watchmakers have 
stored watch parts in high mountain 
caves for cold conditioning. A more 
moderate freeze, down to as low as 
— 120 degrees F (attainable with dry 
ice and acetone), is used in the pro- 
duction of some metal parts. 


How crystals transform 


Austenite 
O Iron atoms 
© Possible locations for carbon atoms 


In austenite, a crystalline form of steel, each 
unit cell is a cubic structure with iron atoms 
at the corners and center of each face of the 
cube. These face-centered atoms, labeled 
1—6, form an octahedron. Carbon atoms can 
occupy any of the sites indicated between iron 
atoms. Upon quenching from high tempera- 
ture, austenite becomes martensite, a differ- 
ent crystalline form of steel. Cryogenic treat- 
ment can cause any austenite retained after 
heat treatment to transform to martensite. 


Black “needles” in the photomicro- 
graphs of tool steel (above) are mar- 
tensite crystals; white background is 
retained austenite. After cryogenic 
treatment and tempering (right), re- 
tained austenite is transformed to a 
finer martensite matrix. Samples were 
magnified 400 times under a micro- 
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The first person to develop a dry 
deep-cryogenic process (where the 
parts are chilled to liquid-nitrogen 
temperatures but don't touch the liq- 
uid) was Edward R. Busch, who in 
1966 started—and still operates— 
Materials Improvement, Inc., in Hazel 
Park, Mich. 

Today only a few facilities scattered 
across the country do dry deep-cryo- 
genic processing. The best known, be- 
sides Applied Cryogenics and Mate- 
rials Improvement, are Amery Corp. in 


Martensite 


BY ELIOT BERGMAN 


A unit cell of the martensite crystal is not 
cubic but is slightly elongated. Iron atoms 
Still occupy the corners, but those that were 
face-centered in the austenite cell (1—6) 
move as shown, leaving the No. 2 atom in 
the center of the cell rather than on one of 
the faces. The No. 1 iron atom occupies the 
center of the adjacent cell (indicated by dot- 
ted lines). Austenite crystals are ductile but 
soft; martensite crystals are hard but must 
be tempered to combat brittleness. 


scope and photographed by metallur- 
gical consultant Paul Nowich. The 
"before" sample was intentionally over- 
heated in its heat treatment to yield 
enough retained austenite to be visi- 
ble. Properly heat-treated tool steel 
would likely not have enough retained 
austenite to show up. 


Glendale, Calif., and 3X Kryogenics, 
Inc., in Addison, Ill. 


The benefits 


One reason companies—usually 
manufacturers—submit their tools for 
deep freezing is to increase the abra- 
sion resistance, frequently of cutting: 
edges or other high-wear surfaces. The 
success of the process depends partly 
on the tool itself. “Cryogenic process- 
ing will not turn poor alloys into su- 
perior ones, though it will improve 
them,” Levine noted. “But superior al- 
loys show the greatest improvement." 

High-alloy tool steels haye high re- 
ported success rates. Mixed results are 
reported with carbide parts. 

Success also depends on what the 
tool is cutting. Freezing is particularly 
helpful when a tool has to cut hard 
metals— stainless steel and titanium, 
for example—or abrasive stuff such 
as sand castings or fiberglass. 

Freezing tools does not increase 
their hardness, tests show, nor does it 
make them more brittle. 

“In eighty percent of the cases, we 
see an increase in the life of the part 
from two to five times," Levine re- 
ported. In most of the remaining 
twenty percent, we see no improve- 
ment." In a few, though, spectacular 


Freeze shop tools? Maybe not.. 


Poputar Science wanted to find out whether 
cryogenically treating consumer tools would 
improve performance noticeably, and | was 
asked to run some tests. | purchased pairs of 
identical hole saws, circular-saw blades, router 
cutters, band-saw blades, metal-cutting sabre- 
saw blades, and two sets of twist-drills. | sent 
them to the editors, who coded them, sent 
one of each for deep freezing, then returned 
them all to me. | did not know which tools 
had been frozen. 

| ran each pair under similar conditions, 
keeping feed rates as steady as possible, until 
one or both failed—or showed a real differ- 
ence in performance. 

Of the seven pairs of tools, the untreated 
examples came out the winner in five cases. 
When | reported my results to the editors їп 
New York (by code only; ! still didn't know 
which tools had been frozen), they asked me 
to try a couple of other tests, attempting to 
eliminate some of the shortcomings of the 
first tests. 

One problem: The sample was too small 
—just one of each item. So | was asked to 
buy two dozen of the same high-speed steel 
drill bits. Another possible problem, suggested 
by Applied Cryogenics, was that the materi- 
als | had cut— particleboard, steel channel, 
mild steel plate—can cause galling. Cryogenic 
treatment can do nothing to keep a tool from 
gumming up, the company said. 

So we chose stainless steel for the new drill 
test. The first two bits | tried turned out to 
be outstanding. After a couple of hours | 
called the editors and asked for the code num- 


results are seen. According to Busch, 
the range of improvement reported 
by his clients has been 25 to 3,000 
percent. 

Reducing wear, even by modest 
amounts, can have a large effect on 
the economics of production. Not only 
do you need fewer tools, but you also 
reduce costly downtime. By specifying 
cryogenic processing for only four 
kinds of drills in its Palmdale, Calif., 


The two high-speed steel end mills 
above were run on the same multi- 
spindle milling machine, cutting alumi- 
num for armor plating. The one on the 
left, which had been frozen to – 320° F 


bers of three treated and three untreated drills. 
With 24 bits to test | would have drilled 
forever 

! drilled 160 holes with each of six bits in 

foa-in.-thick type-420 stainless steel on an 
industrial drill press (photo, right). Then | ex 
amined the cutting edges under a 10x mag 
nifier. Of the six, three seemed slightly less 
worn, but the differences were pretty judg 
mental. All could have drilled more holes, but 
| ran out of material. Of the three that seemed 
least worn, two turned out to be untreated 
and one treated 

Finally, | tested a saw chain 
chain, which | split in half, and sent bo 
halves off for coding and one half for t 
ment. | reassembled the chain and cut a huge 
pile of wood with my chain saw. Then | cut 
down six small trees, and used the saw chain 
to cut out the stumps. 

By now the chain refused to cut. All of the 
teeth showed wear, but not equally so. This 
time, most of the teeth that showed the worst 
wear were untreated, and most that looked 
the best were treated. There was excellent 
correlation (photo above right) 

But in most of my tests, cryogenic treat 
ment didn't come out very well. Larger sam- 
ples might have changed the picture. Jeffery 
Levine at Applied Cryogenics insists that сгуо. 
genic treatment could not have degraded 
the performance of these tools. Seemingly 
identical consumer tools can exhibit a lot 
of quality variation—too much, perhaps, 
to determine the effects of freezing.—Phil 
McCafferty 


| bought one 
h 


production plant, Jim Boldt of Nor- 
throp Corp. estimates his company 
will save $350,000 annually. 

Not all the praise for cryogenic pro- 
cessing comes from big industries. 
Parked in front of Applied Cryogen- 
office the day I visited was a red 
Fiat X1/9. When the car was new, the 
owner kept grinding through the d: 
brake rotors. So Applied Cryogenics 
froze them. Now the problem is solved, 


by Атсгу Corp., was photographed 
after 10 hrs. of work. Its edge was still 
sharp and smooth. The untreated mill 
on the right was dull and chipped after 
only 4 hrs. of cutting. 


I was told. “Our motto is, ‘If it fits in 
the box, we'll freeze it,” Levine joked. 
Indeed, the company has frozen 
some bizarre items, some in which 
abrasive wear is not a concern, and 
some that aren't even metal— golf. 
balls, for example. “Опе of our cus- 
tomers asked the golf pro at his club 
to hit a bucket of seemingly identical 
balls as far as possible. Half had been 
1 


Saw-chain teeth after PS test show un- 
equal wear. Left tooth was not cryo- 
genically treated; right tooth was. 
These were typical examples, but the 
difference was sometimes less dramatic. 


Loudspeakers designed 


Most loudspeakers claim to be digital-ready, but are they really different from earlier 
models? A professional engineer explains why digital recordings demand better speaker 
performance, and how the latest designs satisfy the demands. 


By LEN FELDMAN 


Kent, ENGLAND 
followed Laury Fincham, director 
| of engineering at KEF Electronics, 
Ltd., through a heavy steel door at 
the company’s research center here in 
Maidstone, Kent. I expected to step 
into a reflection-free anechoic cham- 
ber—one of those eerie rooms filled 
with wedges of sound-absorbing ma- 
terial that are so quiet you can hear 
your heart beat. Instead, the walls 
were completely bare. Not only did the 
room lack soundproofing, it was posi- 
tively reverberant. 

Inside this room, KEF tests its new 
loudspeaker designs, using a tech- 
nique called impulse measurement. 
The test wasn't possible before the in- 
vention of computers, and it wasn't 
necessary before the advent of digital 
recordings. Compact discs and digital 
audio tapes, with their increased ca- 
pabilities, have forced loudspeaker de- 
signers to establish new parameters 
for speaker performance —parameters 
that don't require the unusual prop- 
erties of an anechoic chamber de- 
signed to prevent sound reflections. 

Performance characteristics such as 
accurate frequency response and high 
efficiency have always been important, 
but with digital signals they have be- 
come more so than ever before. Today's 
digital media capture a wider range 
of frequencies and a greater dynamic 
range—the difference between loud 
and soft passages—than do analog re- 
cordings. These capabilities make dig- 
ital recordings sound more like live 
music, but only if the new generation 
of loudspeakers can reproduce the 
sounds accurately and duplicate mu- 
Sical peaks—especially loud bass pas- 
sages—without distortion or audible 
vibration. I spoke with some of the top 
US. speaker designers to find out how 
they are addressing the new demands. 
And I traveled here to the south- 
ern coast of England to investigate 
two particularly innovative designs. 

"[n this era of digital recording, pro- 
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gram material with bass that extends 
all the way down to the lower limits 
of human hearing is easily stored on 
a CD,” Fincham told me as we moved 
to the center of KEF's testing cham- 
ber. But measurements made in even 
the largest and most expensive of an- 
echoic chambers are rarely accurate 
in the lowest octaves of sound—below 
70 hertz. So in this new chamber, 
things are done differently. 

Atop what looked like a flagpole 
stood a new KEF loudspeaker. A mi- 
crophone, suspended from a boom, 
faced the speaker. “It’s important to 
be able to make very accurate re- 
sponse measurements over the entire 
audio band,” Fincham said. To make 
the measurements, brief electrical 
impulses—containing all the frequen- 
cies that must be analyzed—are fed 
into the speaker. The microphone sam- 
ples the speaker’s response to each 
sound burst before it can bounce off 
the walls, and sends the information 
to a computer that plots a frequency- 
response curve. 

Tests done in this chamber revealed 
that deeper bass can cause excessive 
vibrations in speaker enclosures, ac- 
cording to Fincham. These vibrations 
move air, creating sound waves much 
like those intentionally created by the 
speaker drivers themselves. To cope 
with vibration, KEF's new model 107 
and its older model 104/2 use twin 
coupled-cavity bass loading. Two bass 
drivers are coupled together by a non- 
ferrous alloy bar bolted rigidly be- 
tween their magnet structures (see 
drawing). Normally, the drivers work 
together—in phase—to double the 
low-frequency output. However, any vi- 
bration produced by one driver will be 
out of phase with the other and is ab- 
sorbed by the bar. 

To help the speaker reproduce bass 
sounds, KEF has also added KUBE, 
for KEF Universal Bass Equalizer. 
“What low frequencies the speakers 
and enclosures aren't able to produce 
by themselves are accomplished by the 
electronic equalization," said Fincham. 


Normally, a crossover network—a 
speaker's electronic filters —performs 
three functions: It divides the frequen- 
cies between the different driver units 
(woofer, mid-range, and tweeter); en- 
sures an appropriate load match for 
the amplifier; and provides some 
equalization to shape the overall re- 
sponse of the system. 

In KEF's new system, a conven- 
tional passive crossover network per- 
forms the first two functions. The third 
—equalization—is done by KUBE, 
which is connected between the pre- 
amplifier and amplifier or, in the case 
of integrated amplifier-receivers, at 
one of the output/input pairs normally 
reserved for a tape deck. 

For digital music to sound natural, 
the speaker system must also provide 
good stereo imaging—left and right 
speakers must reproduce sounds sim- 
ilarly to give the feeling that all of 
the instruments are evenly positioned 
across the "sound stage" in front of 
you. To improve imaging, KEF mea- 
sures the characteristics of every 
speaker element it makes and stores 
the results on computer tapes. The 
company then matches similar driv- 
ers in pairs so that the left and right 
speakers are as close in performance 
to each other as possible. 


Honeycombs and more 


In the town of Worthing, a few miles 
from KEF's lab, B&W Loudspeakers 
Ltd. is also striving for better imag- 
ing and reduced vibration, but with a 
completely different design. John Bow- 
ers, the head of the firm and an acous- 
tic design engineer, played some loud 
orchestral music through a speaker 
that his firm designed 10 years ago. 
He placed my hand on the side of the 
cabinet. “Well?” he asked. I could feel 
the box vibrate heavily with every mu- 
sical beat. 

Then Bowers showed me B&W's 
new series of Matrix digital monitor 
speakers, designed to eliminate cabi- 
net vibration. Each speaker uses a 

Continued 


for digital sound 


to reduce cabinet vi i i &W ight) contains 
s bar joins КЕЕ” a foa x that stiffens the 
drivers (left), absorbing out- - i g motion. 
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Томага а 
“cabinetless” speaker 
Celestion International's new 
System 6000 replaces low-fre- 
quency speaker boxes with bulg- 
ing “dipoles.” The intent is to 
eliminate cabinet vibrations so 
the sound will be identical to 
that produced by a live mu- 
sician. The $5,000 system 
includes a pair of 51600 ир. 
per-range units and a crossover 
with active equalizer. It requires 
a second stereo amplifier. 


honeycomb-like structure that slides 
into a cabinet with grooved inner walls 
(see photo). Each cell of the matrix is 
filled with acoustic foam. Tests re- 
vealed that the matrix stiffens the 
box, making it more inert and correct- 
ing the problem of vibration. 
Reducing cabinet vibration improves 
low-frequency performance, but a 
digital speaker must also reproduce 
high-frequency sounds at the correct 
amplitude relative to other pitches. 
“Recently, we played some CD mate- 
rial using a prototype speaker design 
we were working on," Bowers recalled. 
“We found that the sound of the string 
instruments was hard and unpleasant. 
Later, we discovered that the problem 
was caused by a rise of only 1.5 deci- 
bels in the tweeter response at around 
fourteen kilohertz.” Bowers said an 
analog recording of the same music 
sounded acceptable because it had 
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not captured the high-frequency peak. 

Analog recordings also suppress 
high-volume peaks. “The dynamic 
range of a CD is at least ten decibels 
greater than that of an analog disc,” 
Bowers told me. “All other factors 
being equal, it would seem that the 
most practical way to deal with this 
greater range is to increase speaker 
sensitivity and power handling.” 

To handle a 10-decibel increase in 
dynamic range solely by increasing 
amplifier power, you'd need an ampli- 
fier that's 10 times more powerful. So 
it makes more sense to increase 
dynamic range by improving the 
speaker's sensitivity—how efficiently 
it converts electrical power into acous- 
tical power. А redesigned crossover 
network and drivers in the Matrix 3, 
the largest of B&W's three new de- 
signs, allow it to handle amplifier 
power of up to 200 watts. And its sen- 


sitivity is rated at a sound-pressure 
level of 90 decibels, measured at a dis- 
tance of one meter in front of the 
speaker for 2.83 volts of input. 

The same improvements have been 
made by KEF in the efficiency and 
power handling of its speakers. The 
model 107 has higher sensitivity than 
earlier KEF speakers of similar size 
—it's able to create 90 decibels with 
2.83 volts applied—and handles up to 
a whopping 300 watts of power. 

American companies like Ohm 
Acoustics Corp. and JBL Inc. have al- 
ways been known for manufacturing 
high-efficiency speakers, but digital 
audio is pushing them to develop even 
better designs. Ohm has incorporated 
filters in the crossover network of its 
speakers that boost low-frequency out- 
put. These passive filters accomplish 


the same thing as KEF's KUBE. 


Ohm is also using new materials to 
improve performance. “Because digi- 
tal-ready systems must be efficient,” 
says Ohm President John Strohbeen, 
“they require much heavier magnet 
structures, lighter cones, and more 
rugged construction of all the elements 
that make up a loudspeaker system.” 

Ohm's new 3XO system handles 200 
watts of power on a continuous basis 
and can take short-term 300-watt 
peaks safely, “The 3XO creates four 
to six decibels more sound-pressure 
level for a given amount of power than 
did the earlier Ohm Walsh designs,” 
claims Strohbeen. 

Like Ohm, JBL is developing new 
materials. “New JBL speakers use ti- 
tanium in the construction of tweet- 
ers,” says John Eargle, an acoustic 
designer and consultant to JBL. The 
metallic element is harder than steel, 
but half the weight. Titanium foil V5,ooo 
inch thick is deposited on a ribbed 
tweeter. The ribbing and titanium 
make the tweeter rigid and thus more 
responsive to the high-frequency peaks 
that are found on compact discs. The 
company also laminates mid- and low- 
frequency drivers in units such as the 
JBL630, JBL830, and JBL940 with a 
plastic material for extra stiffness. 

Although all of these changes in 
speaker designs are a plus for digital 
systems, they are a boon to analog 
sources, too. For that reason, the 
changes seem to be taken in stride by 
the speaker makers. “They are more 
evolutionary than revolutionary,” says 
Eargle. Perhaps, but whatever the rea- 
son, it’s clear that the final step to 
high-quality digital sound—the speak- 
er system—has fallen into place. 


B&W Loudspeakers (America), Box 653, Buffalo NY 14240 

Celestion Industries, Box 521, Hollison MA 01746. 

JBL Inc., 8500 Balboa Blvd., Northridge CA 91329 

KEF Electronics of America, 14120-K Sullyfield Си. 
Chantilly VA 22021 

Ohm Acoustics Corp., 241 Taaffe PI., Brooklyn NY 11205 


Smart circuits 
revolutionize 


auto 


wiring 


A technological revolution is developing beneath the sheet metal of tomorrow’s cars. Miles 
of copper wiring and labyrinthine wiring harnesses are being replaced by simplified wiring 
—some of which will not be wire at all, but fiber optics—along with scores of microchips 
in buttons, switches, motors, and other elements of the new control circuits being devel- 
oped. The new system will reduce weight, cost, and complexity; increase reliability dra- 
matically; and change the way you interact with your car. 


By DAN McCOSH 
Detroit Editor 


ne of the engineers responsi- 
О ble for the concept саг оп dis- 

play in the lobby of General 
Motors Corp.’s headquarters strolled 
up as I was looking it over. The car 
picked the engineer from the crowd 
of onlookers like a dog recognizing its 
master. As the engineer approached 
the door, the instrument panel lit up, 
the door opened, and the steering 
wheel swung away to make room for 
him. 

It was an eerie demonstration of au- 
tomotive extrasensory perception. But 
it turned out to be just one capability 
engineers are hoping to achieve with 
the next generation of on-board auto- 
motive electronics: They foresee an era 
of “smart power,” when most of the 
car’s basic systems—ranging from 
transmissions to window lifters—be- 
come electronic-mechanical hybrids 
and begin to talk—and even listen—to 
each other. 

Of course, the car wasnt actually 
responding to its master. After I had 
examined the Chevrolet Express show 
car and climbed out from under its 
bubble top, Ron Jameson, a Chevy de- 
velopment engineer, explained the 
trick. As we walked away—and the 
car closed itself up and shut down be- 
hind us—Jameson pulled a match- 
book-size device from his pocket. 


Here, he said, is what happened: 
The device in his pocket was a tiny 
low-powered transmitter. When he got 
to within about five feet of the car, a 
receiver in the car was able to detect 
the transmitter’s weak signal and set 
off the sequence of events I described, 
which had been programmed into the 
car’s master computer. Then as we 
walked away from the car, the receiver 
lost the signal, triggering the close- 
down sequence, again controlled by 
the master computer. 

Helping accomplish the door-open- 
ing stunt was a revolution in automo- 
tive wiring, which has evolved from a 
simple power-carrying circuit to a kind 
of communications link carrying some- 
thing akin to intelligence—as demon- 
strated by the empathy the show car 
in GM’s lobby had for its engineer. 


Charm bracelet 


All of the electrical components of 
the experimental Chevy, including ac- 
tuating motors, steering-column ad- 
justment, door locks, and door openers, 
were connected like charms on a brace- 
let by a continuous information-carry- 
ing wire. This information loop car- 
ried commands from conventional 
cockpit controls along the circuit to 
the various accessories. Tapping into 
this information circuit with the radio 
transmitter was easy, and allowed the 
transmitter to send digitized orders to 
any device along the line, including 


the sequence of commands that made 
the car greet its master. Multiplexing, 
as engineers have named this system 
of information distribution, had turned 
the experimental car's wiring into a 
kind of central nervous system. 

Although multiplexing for cars is 
still in the developmental stage, to- 
day’s auto engineers have high hopes 
it will solve a variety of problems re- 
lated to making on-board electronics 
more reliable, cheaper, and “smarter.” 
Eventually, they theorize, multiplex- 
ing will allow centralized computers 
to issue orders directly to a new gen- 
eration of electronically controlled 
accessories—smart motors that could 
eventually replace many of today’s hy- 
draulically controlled systems, such as 
power steering and automatic trans- 
missions, and greatly simplify electri- 
cal accessories such as seat controls 
and power windows. 

Say, for example, you want to lower 
the right rear window in a car with 
multiplexing. You press the proper 
button on the armrest. The micropro- 
cessor beneath the button generates 
a unique code and sends it into a sin- 
gle universal circuit. Every unit con- 
nected to the circuit receives the 
signal, but they all ignore it. Only a 
central computer recognizes and acts 
on it. 

The computer interprets the signal 
and understands that you want the 

Continued 
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right rear window lowered. It gener- 
ates a signal and puts it on the com- 
mon circuit. The microprocessor at- 
tached to the right-rear-window motor 
—along with all other microprocessors 
—receives the signal. But it alone rec- 
ognizes that the signal is addressed 
to it, so it does what has been re- 
quested: It switches on battery power 
to the motor and lowers the window. 

Why go to so much trouble to open 
a window? First, such an approach 
drastically reduces the number of cir- 
cuits through the car, which reduces 
weight, complexity, and cost. Second, 
it increases reliability: There are no 
longer hundreds of individual wires 
that can cause trouble. And third, it 
gives enormously increased flexibility. 
For example, you can program the 
computer to automatically raise all 
the windows when you lock the car. 
Or an outside sensor could close the 
windows if it detected rain. 

As revolutionary as it may sound, 
multiplexing is difficult for me to get 
excited about. A car’s electrical sys- 
tem is, after all, nearly invisible, bur- 
ied behind panels and running through 
out-of-the-way crannies in the body 
and chassis, Out of sight, out of mind 
—barring the occasional gremlin that 
turns on your windshield wipers when 
you attempt to blow the horn. Yet year 
after year, as Гуе watched computers 
take over ignition control, fuel sys- 
tems, and now transmissions and even 
suspension systems, it's been obvious 
that all these new devices are strain- 
ing the capacity of an electrical sys- 
tem that hasn't changed significantly 
since the 1960s, when alternators dis- 
placed the old-style generator. Perhaps 
Гуе been selling wiring short. To get 
a better perspective, I went to Ford 
Motor Company's Diversified Products 
Technical Center lab, where engineers 
had dissected the wiring of a full-size 
Lincoln Town Car. 

Like a novice surgeon's first view 
of an appendectomy, looking at a car's 
wiring system is something of a shock. 
Some 55 individual pieces of heavy- 
gauge wire snake from a single car 
door, emerging as a broomstick-thick 
bundle that branches like the Ama- 
zon delta into the farthest reaches of 
the instrument panel. If only from the 
sheer number of wires and connec- 
tions, it was easy to see why today's 
computer-laden automobile seems on 
the verge of a nervous breakdown. 

Next to the intimidating tangle was 
an example of what even a simple 
multiplexed wiring system would look 
like: On the second car, each electri- 
cal device was capped by a discrete 
"black box." Connecting the boxes, and 
replacing most of the labyrinthine 
wiring harness, was a simple pair of 
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twisted wires. Where before a thick 
bundle of wires had run from the door 
—where the lock, window lifter, and 
seat adjuster each demanded a power- 
carrying switch—a thin twisted pair 
of wires carried the essential com- 
mand signals for all these devices. 

How was this elegant simplicity 
achieved? 

Ford’s David J. Patterson, manager 
of advanced vehicle controls, told me 
that a small computer located inside 
the door responded to signals from 
each switch on the door panel. The 
door-mounted computer, called a node, 
responded to the driver's command by 
sending a coded digital signal over a 
pair of twisted wires to a second “re- 
ceiver” computer that activated the ac- 
cessory motor. 

But Patterson was quick to point out 
that the apparent simplicity of multi- 
plexed wiring is deceptive. “In a way, 
we are trading the complexity of the 
wiring bundle for the complexity of 
the microelectronics at each end,” he 
said. 

To illustrate his point, Patterson 
hefted the handbook-size computer in 
the prototype's door panel that sent 
the computerized signals to the com- 
munications wire. If the computer re- 
mained in its experimental size, the 
whole exercise would be pointless. But 
then he handed me a ceramic chip half 
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THROTTLE 
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the size of a stick of gum. "This is 
what we did to see what a production 
chip would look like," he told me. 
The crude setup in Ford's laboratory 
illustrated the elements of a basic 
multiplexing system: At the driver's 
finger tips were touch-pad semiconduc- 
tor “switches” that signaled one com- 
puter of a command. The computer in 
turn generated a coded signal that 
went over a communicating wire or 
bus. The signal was received by a sec- 
ond computer, which activated a load- 
carrying relay or high-amperage semi- 
conductor bank. Current then flowed 
to make the control motor work. 
That basic outline is followed in 
Cadillac's new $55,000 Allanté sports 
car, which uses a data bus to control 
its exterior lights. (Cadillac claims it's 
the first production multiplexed sys- 
tem.) The driver's touch pad is actu- 
ally an input signal module (ISM) that 
activates a body control module—the 
“sending” computer. Receiving the sig- 
nals are a bank of nine output signal 
modules (OSMs) that control current- 
carrying relays for each exterior lamp. 
Each OSM incorporates a "status" 
function that tells the body-control 
computer whether the lamp is oper- 
ating. If it isn't, various "failure" strat- 
egies do things such as light up outside 
marker lamps if a headlight burns out. 
Ford's new Lincoln Continental will 


feature yet another step forward for 
multiplexing. Receiving the signals 
from the body-control computer is the 
first production application of a “smart 
power” switch, a high-amperage semi- 
conductor that responds directly to 
computer commands and incorporates 
simplified logic [“Now: Power and 
Logic on One IC Chip—the Control 
Revolution," Nov. '85]. 

The Ford smart power chip will be 
used to control a shock valving sys- 
tem that automatically adjusts shock 
rate to speed and road conditions. It's 
similar in principle to an electrical 
system used on the 1987 Thunderbird, 
but uses a full multiplexing system 
to do the control work. 

These early steps are likely to be 
followed quickly by wider application 
of multiplexing. The Society of Auto- 
motive Engineers is moving quickly 
toward adopting technical standards 
that should make it easier for parts 
manufacturers to churn out basic com- 
ponents in volume, with some assur- 
ance they will work on all cars on the 
road—an important step in reducing 
the cost. 


Continued 


Multiplexing would replace the miles 
of wiring in a typical luxury car with 
a pair of wires carrying digital instruc- 
FUEL PUMP WHEEL-SPEED SENSOR tions, plus a power bus (above left). 
Small computers, called nodes, might 
route signals to and from individual 
switches and components, each of 
— SIGNAL CIRCUIT which would incorporate a solid-state 
power switch. Smart motors like the 
one shown below would turn them- 
SEAT ADJUSTER selves on and off in response to the dig- 
ital signal. They would also signal the 
computer that they were operating, 
and would protect themselves from 
shorts or overloads. 
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$ТАСЕ 1 High-amperage smart power chips, 
being developed by several companies 
for automotive use, are expected to 
ENGINE quickly replace many of the mechani- 
MER cal switches currently in use. These 
units work by paralleling hundreds 
of low-amperage semiconductor ele- 
ments in a single chip, a method that 
allows them to act as high-amperage 
computers. 

The smart power chips have attri- 
butes that make multiplexing far 
more interesting than its ability to 
simplify a wiring diagram, however. 
The simplified logic in the new chips 
has the ability to directly respond to 
pre-programmed overloads—for exam- 
ple, automatically shutting off the chip 


TRANSMISSION 


ENGINE if a short or a current surge develops, 
then reactivating it. It's an important. 
STAGE 2 feature to engineers, who normally ex- 
pect such brief episodes to fry the cur- 
ENGINE SUSPENSION ABS BRAKE STEERING DRIVER i i 
COMPUTER —— COMPUTER COMPUTER COMPUTER INPUT rent generation of microprocessors. 


“In our system, the control computer 
is connected directly by a current- 
carrying wire that connects it to a 
device it controls," said Ford's Patter- 
son. "Any time someone puts a screw 
through the wire or grounds that de- 
vice, it doesn't work anymore. The de- 
vice is destroyed. The customer has 
to go to a dealership and have the 
module replaced. 

“If this were a smart power device,” 
Patterson continued, “it would sense 

that the current was more than it 
он could handle and shut itself off. Every 
once in a while it would try again, to 
see if the condition still existed, and 
then shut itself off again if necessary, 
protecting the circuit.” 

Once the basic multiplexing system 
is in place, expansion will be inevita- 
ble. GM is already testing a half-dozen 
prototype cars with a multiplexed door 
ы system that integrates six electrical 
ROAD WHEEL-SPEED ELECTRONIC functions onto a single-wire link. Alfa 
eer TUMOR STEERING CONTROL ON SENSOR D ни Romeo, Inc., has demonstrated a multi- 
DRAWINGS BY EUGENE THOMPSON plexed modular instrument panel. 

Aside from reducing wiring com- 
plexity and adding fail-safe capabil- 
ity, engineers are interested in how 
multiplexing will simplify car produc- 

{ 12] 


Although it is an intimidating-looking 
maze of copper wiring, the electrical 
system in today’s cars is relatively sim- 
ple. But as more computer systems are 
added, these Stage 1 designs (top left) 
will become increasingly complex. In- 
dividual computers must not only con- 
trol their own subsystems but must 
communicate among themselves as 
well. Multiplexing will be necessary if 
Stage 2 designs (upper left) are to suc- 
ceed. Multiplexing then opens up still 
further possibilities, such as the finger- 
tip controls on the wheel of this United 
Technologies project car (left). 
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Stealth outboard 


Passing unnoticed is key to A 
military rescue, assault, and B | / 


reconnaissance work. A 
quiet, drown-proof motor 
will help boat crews on 
hush-hush missions. 


By BILL McKEOWN 


د 


equired: A machine that will 
R survive seven days’ immersion 

in salt water 400 feet deep. 
When brought to the surface, it will 
be tilted upward to drain water 
from the intake and exhaust man- — ;, 
linders will then be | 


purged of water with a few pulls of 
the starter rope. After 
tugs, the device mus! 
life—quietly. 

These paraphrased U.S. Navy 
specifications describe the military 
amphibious reconnaissance system 18 
(MARS) outboard motors now being built 
by Outboard Marine Corp. The Navy’s Coastal System: 
Center in Florida doesn't want to discuss the contempla! 
missions, but reports have it that the motor can be pre- 
mounted on an inflatable boat and launched through the 
torpedo tube of a submerged submarine. Alternatively, the 
rig could be dropped by parachute from an aircraft, along 
with an assault or rescue crew. Fuel is held in four remote- 
tank bladders of six gallons each. A small landing craft 
carrying seven men and their equipment at speeds of up 
to 30 mph would have a range of 20 miles or more. In- 
creased range would be possible by towing a second 
inflatable boat carrying extra pods of fuel; thus amphibi- 
ous teams could make undetected trips to shore from far 
out at sea. 

The 35-horsepower MARS engine is actually a close 
cousin to a standard two-cylinder two-stroke outboard. 
There are no special valves to keep water from getting in, 
but indentations in the sides of the pistons help water 
escape when the cylinders are purged. The power head is 
shrouded with a sound-deadening jacket that reduces en- 
gine noise substantially from the level an unmuzzled ver- 
sion would emit. As in standard outboards, the ignition 
system is potted in plastic to seal out moisture. *Ninety 
percent of the features are the same as those of our stan- 
dard pleasure-boat outboards," says Bob Gerling, director 
of special services for OMC, the maker of Evinrude and 
Johnson outboards. The company will be delivering sev- 
eral hundred MARS motors to the U.S. and South Korean 
navies; no commercial versions are planned. 05 
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REACH FOR 
THE SUN 


With a north-facing living room and low unfinished attic, this two-bedroom ranch 
was dreary and cramped—and there was no room for expansion. The owner and 
his father raised the roof to create a vaulted second-level living space and in- 
stalled south-facing skylights and windows, transforming the house into cheer- 
ful, airy living quarters. Whether or not you want to tackle such a major job, 
you'll find ideas you may be able to adapt to your own home-improvement projects. 


By TIMOTHY О. BAKKE 
Photos by Greg Sharko 


ielding my utility knife, I 
Wi: just cut through the joint 

where the stairwell wall 
meets the living-room ceiling. I stood 
on my ladder, listening. 

“This one’s a four-footer.” 

My dad’s voice came from some- 
where above me on the other side of 
the ceiling. I measured four feet from 
the wall and cut a parallel line in the 
ceiling four feet long, then another 
line straight back to the wall. With 
some gentle persuasion from above, 
the four-foot square of gypsum board 
popped loose along its joint lines, and 
I pulled it free. 

With only this small section of ceil- 
ing gone, the bleak living room bright- 
ened as light flooded in from the roof 
windows. In a couple of hours my fa- 
ther and I had peeled the rest of the 
ceiling and removed the joists. Blink- 
ing in the sunlight with the ceiling 
gone, I felt like Lemuel Gulliver... as 
though a colossal Brobdingnagian had 
lifted the lid of the dark little box in 
which I lived. 

With the removal of the living-room 


The roof was raised and the living- 
room ceiling eliminated in this ranch; 
sky windows admit the sun to change 
the atmosphere—and character—of the 
house. Roof framing was stained with 
Benjamin Moore Tahoe Brown; stair- 
case was originally a closed-in stair 
leading to a 6'2-ft.-high unfinished attic. 


ceiling, the project my father and I had 
started in late 1985 was nearing com- 
pletion. The structural construction 
involved in raising the roof of my two- 
bedroom ranch was detailed in the Oc- 
tober 1986 issue of POPULAR SCIENCE. 
This installment shows how, with the 
help of my father and other relatives 
and friends, I finished the interior. I 
used some interesting new products 
in the renovation, and you'll find novel 
tips you might be able to adapt to your 
own projects. Construction of the bath 
and various built-ins, including the 
bookcase and a desk, will be covered 
in a third, and final, article. 


Dual goals 


I had two ends in mind when I 
planned this project. One was gain- 
ing extra room; the other was letting 
in more light. They both were accom- 
plished by creating a vaulted living 
space, using south-facing glass, and 
eliminating the existing living-room 
ceiling. Although I had to sacrifice the 
area directly above the living room, I 
gained a large master bedroom and 
bath, office nook, 4-by-16-foot storage 
closet, and 13-by-18-foot den with 
a wood-burning stove and bookcase 
(see photos and drawings on the next 
pages). After completing the outside 
of the addition and hooking up with 
the plumbing and heating systems, 
my first job was to insulate. 

Iwanted the most insulation I could 
get in the walls with the least amount 
of wasted interior space, so I used 
3'%-inch Owens-Corning fiberglass 


ROOM AT 
THE TOP 


batts between the studs with an extra 
М inch of Energy Shield rigid polyiso- 
cyanurate insulation on the interior 
—for an insulating value of more than 
R-15. (Three inches of Owens-Corning 
Energy Shield insulation had gone 
into the roof when I first built it, for 
about R-24.) After installing the foil- 
covered insulating panels—and before 
putting up the wallboard—I would 
seal the joints with plastic tape to 
maintain the vapor barrier. But be- 
fore I could install the panels, I had 
to put in the wiring. 

The electrical work was one of only 
two aspects of the job for which I hired 
a contractor (the other was extending 
the heating system): Complicated wir- 
ing can get tricky; it can also be dan- 
gerous if it's done incorrectly. And 
complicated it was, partly because I 
used a new product called TriCon wir- 
ing from Brintec Corp. 

TriCon wiring contains the power, 
cable-TV, and telephone lines all in 
one three-part cable. In cross section, 
it resembles a Y, with the thick power 
cable being the tail and the TV and 
phone lines making up the arms, all 
joined at the center. With TriCon, 
every run to an outlet must be a di- 
rect home run back to the load center 
(because of the TV and phone lines), 
but the wiring's advantages are two- 
fold. First, you save labor by pulling 
only one cable instead of three. Sec- 
ond, you have the convenience of 
phone and TV jacks, as well as a 
power outlet, at any TriCon recepta- 

Continued 
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Bird's-eye cutaway (far right) shows 
the addition’s floor plan. Inset shows 
what was added to the existing ranch. 
Top and above: Wood stove is the cen- 
terpiece for the new den, while the 
half-wall bookcase adds to the warm 
atmosphere. Tops of the bookcase and 
shelves were laminated with Formica 
Colorcore; the rest was enameled. Mas- 
ter bedroom (above right) and den 
sport Colony Plank oak flooring. A 
16-ft. closet is behind the bed; office 
and bath are to the right, out of view. 
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cle. Want to relocate the TV or tele- 
phone? Just move it and hook up to 
any available outlet. 

Not everything went smoothly with 
the wiring, though. When the local 
New York state fire underwriters’ in- 
spector came to check the electrical 
work, he wouldn't pass it because nei- 
ther he nor his superiors in Albany 
had ever seen or heard of TriCon 
—even though it was Underwriters' 
Laboratories-approved. And I couldn't 
close up my walls until he gave his 
approval. Before the whole affair was 
straightened out, I had lost at least 
two months' working time at a criti- 
cal stage in the project. 


Tricks of the trade 


Getting back on track, I installed 
the rigid insulation, then the drywall, 


using two-inch cement-coated nails to 
get at least an inch of penetration into 
the studs. But because I had built a 
wraparound wood ceiling (see photos), 
how would I finish off the top of the 
wallboard? 

I borrowed a trick from my father, 
a retired commercial carpenter con- 
tractor. At the top of the walls, 10 
inches down from the ceiling, the rigid 
insulation is flush with the wood, so I 
ran the wallboard 17 inches above the 
wood-panel joint and capped it with 
metal J-mold. The result is an arrow- 
straight architectural shadow line 
that's easy to paint: There's no need 
to cut with a paintbrush at the top 
because the drywall is on a plane ¥ 
inch out from the wood surface. 

Another trick concerned the window 


Continued on page 88 | 


Adding а sunspace 


‚ green- 


C names for the glass-walled 


^re all 
rooms, usually aluminum-framed but 
sometimes made of laminated wood, 
that have become increasingly popu- 
lar among homeowners. These struc- 
tures—with their prefabricated parts, 
integral insulation, and appealing 
styling—are economical, attractive ad- 
ditions to any house, new or old. 
As an engineer, I’m interested in 
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sunspace technology, so I jumped at a 
chance to watch Tom Nova of Energy 
Shield Systems erect a sun room. Nova 
and two other experienced workers 
were installing it on a house under 
construction in Dover, Vt., but they'd 
use the same materials and techniques 
to put up additions to existing hous 

The glass room that Nova built is a 
bit larger than the one pictured above; 
both are made by Sunplace, Inc., of 
Hinesburg, Vt. Four 38-inch-wide bays 
look out on the yard, and the end walls 
are two bays deep (or six feet nine 


inches). The unit cost about $6,000 in- 
stalled. Work was completed in a day 
and a half, except for a few finishing 
details. You can use the same proce- 
dure to erect a similar unit. 

First, you'll need a foundation. The 
Dover house has a concrete slab 14 
feet long and seven feet wide, set nine 
inches lower than the living-room 
floor. Since no interior wall divides the 
living room and the step-down sun 
room, Nova constructed a "splice" by 
lag-screwing 2 x 4s to the house exte- 

Continued 
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A professional engineer checks out the installation of a typical 
aluminum-framed, prefabricated “glass room”—today’s hottest 
home-improvement add-on. His insights can help you decide 
whether such a project is practical for your home. 


INSTALLATION PHOTOS BY THE AUTHOR 


E When you're sure the subsills and at- 
taching surfaces on the house are flat 
and the corners are square, caulk the 
back sides of the ridge, end-wall bars, 
and sills. Lag-screw them into place. 
Line up the screw track running along 
the glazing bar’s center line with pre- 
drilled holes in the sill and ridge. 

E End-wall bars have aluminum plugs, 
called spigots, that attach to glazing 
bars. Glazing bars slip into a slot in the 
ridge. Later, glass slips into a similar 
slot above the glazing bars. 
BiScrewsfitthrough pre-drilled holesin 
muntins (horizontal beams) and the 
screw track in glazing and end-wall 


bars. A wood template ensures proper 
spacing. Muntins extend over a maxi- 
mum of three bays. 

El Install the top muntin for a 40-in. slid- 
ing window. Cut 1-by-2-in. spacer tem- 
plates according to the manufacturer's 
instructions. 

В Place multi-finned vinyl gaskets in 
slots in glazing bars to keep out mois- 
ture. Weep channels on either side of 
the screw track carry leakage or con- 
densation into drain holes in the sill. 
Apply "i-in. double-stick tape to the 
sill. Just before installing the glass, re- 
move the blue backing. Place the glass 
panels on the tape to form a seal. 
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rior. The greenhouse rests on 2х6 
subsills lag-screwed to the slab. 

Tack the roof ridge, end-wall fram- 
ing bars, and sills into place tempo- 
rarily on the 2x4 and 2x6 mating 
surfaces, and readjust them until the 
dimensions of the greenhouse match 
the manufacturer's specifications. 
When all the corners are square, caulk 
the back sides of the metal beams and 
lag-screw them down permanently (see 
photos). 

The glazing bars, which are the pri- 
mary structural parts, go up next. 
They're hollow two-by-three-inch rec- 
tangular aluminum extrusions. Like 
the other metal parts, the glazing bars 
are precut, pre-painted with a baked- 
on enamel, and pre-drilled at the fac- 
tory. To assemble them, line up the 


screw track running along each bar's 
center line with holes in the sill and 
ridge. Fit aluminum plugs into the 
hollow tops of the end-wall bars, and 
attach them to the bottoms of the glaz- 
ing bars. 

The muntins (horizontal beams) are 
the only remaining structural compo- 
nents. Cut wood spacers to the lengths 
specified in the installation manual, 
and use them to position the muntins 
across the glazing bars. If your sun 
room has windows or doors, attach the 
frames with screws. 

Like most prefabs, the Sunplace 
glass room uses a "dry glazing" sys- 
tem. The glazing panels are two sheets 
of tempered '&-inch clear glass with 
a %-inch hermetically sealed air space 
between them to improve thermal 


efficiency. Tempering makes the glass 
so tough that it's safe to walk on the 
roof panels once they're installed. 
You can also order the panels with a‘ 
bronze tint that filters out about 15 
percent of the light and heat, or with 
a Solar Cool coating that reflects about 
half of the heat transmitted through 
clear double-paned glass. 

You weatherproof the sun room with 
special gaskets and double-stick tape 
that press against the glass and keep 
out moisture. Check the fit of the pan- 
els before you remove the blue back- 
ing on the sealing tape. It's almost 
impossible to move the glass once this 
tape has taken hold. When the glass 
is in place, secure the glazing-bar caps 
and snap on the muntin caps. Your 
new glass room is ready to use. 5] 
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Is a sun room right for your house? 


Doug Taff, president of Sunplace, Inc., says 
the majority of the residential glass rooms his 
company sells are add-ons to existing houses. 
But a glass room won't satisfy every home- 
owner's space needs, location, and budget. | 
asked Taff how an owner should decide if a 
prefabricated greenhouse is right for his 
house. Here's his list of the five factors you 
should consider: 

Purpose: How do you plan to use your 
sunspace? Glass rooms are best suited for 
"outdoor-type" uses—to house a whirlpool 
spa or potted plants, for example. They can 
also be used to add living space to a kitchen 
or dining room, or to create a sunny family 
room. But think twice about using a sunspace 
as your guest bedroom. 


Location: Where will you build the sun- 
space? In the northern states, the ideal loca- 
tion is a sunny spot where you'll get the most 
heat. In southern regions, you'll want a shady 
Site. The location should also-afford some pri- 
vacy. And you should avoid potential hazards 
like falling tree branches or icicles. 

Aesthetics: A glass room can add to the 
attractiveness and value of your house, but 
only if you choose an appropriate unit. Pre- 
fabricated sunspaces come in many styles 
and almost any size. Select one that will 
blend with your house's architecture and 
environment. 

Cost: The average glass room costs about 
the same amount as a conventional room ad- 
dition. You can reduce your expenses by using 


an existing concrete patio or carport slab as 
a foundation. Accessories such as ventilating 
fans, thermal shades, or low-emissivity glass, 
which allows heat in during the day but retards 
its escape at night, will increase cost. But 
you can justify purchasing these extras if they 
significantly reduce heating bills or increase 
the overall value of your house. 

Dealer reputation: Nationally known sun- 
space manufacturers choose their dealers 
carefully and usually stand behind their prod- 
ucts. Even so, it is wise to check with several 
former customers before selecting a dealer. 
Pick one who guarantees his work, or—if you 
plan to install the add-on yourself —make sure 
the dealer agrees to provide plenty of advice 
and instruction.—J. Н. 
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Legendary 
performer 


A turbine-smooth V6 engine and unique 
anti-lock brakes help the Legend Coupe go 
head to head with BMW and Mercedes-Benz. 


By TOM WILKINSON 


Japanese. But when Honda Motor Co. introduced 

the Acura Legend last year, one had to wonder. 
Launching an entirely new car line and naming its flag- 
ship sedan the Legend could hardly be called modest. 

Now comes another audacious move, the Legend Coupe. 
With its four-valve V6, leather upholstery, and anti-lock 
brakes, it is designed, says Honda, “to compete with the 
finest European automobiles, in every category from per- 
formance and elegance to value and reliability.” 

Strong words. But based on three days of driving a va- 
riety of Legend Coupes, I think Honda just may succeed. 

The body shell for the Coupe shares only a few floorpan 
stampings with the sedan. Honda engineers said special 
attention was paid to making the body feel rigid, and I 
detected no rattling or flexing on the roughest roads. Large 
windows make the Coupe feel light and airy, and an adult- 
sized back seat was a pleasant surprise. 

For the Coupe, rear suspension has been changed from 
MacPherson struts to upper and lower control arms for 
better camber control. Springs and shocks are also stiffer. 
I found the ride firm but not harsh, and handling was 
remarkably nimble for a 3,000-pound car. 

The 2.5-liter V6 engine from the sedan has been over- 
bored to 2.7 liters. A variable intake system has been 
added, which keeps intake air velocity high at low engine 


۸ udacity. It’s not a word usually associated with the 


Acura’s variable intake system broadens the engine's torque 
curve by routing air through long, narrow passages at low 
engine speeds, then opening wider passages at higher rpms. 


speeds and tunes the pressure pulses generated by the 
opening and closing intake valves so that the pulses push 
more air into the cylinders. As a result, the torque curve 
for the Coupe engine is nearly flat over the entire driving 
range, unlike that of the sedan, which has a sharp peak 
at 4,500 rpm. The engine was so smooth that I often found 
myself cruising in third gear rather than fifth, and I more 
than once triggered the fuel cutoff at 6,600 rpm without 
having any clue that the engine was spinning that fast. 

The L and LS versions of the Coupe come with leather 
upholstery standard, and are equipped with Honda’s own 
anti-lock braking system, which the company calls ALB. 
Honda claims design details make ALB superior to the 
latest Bosch and Teves systems, though in operation it 
feels much the same. Also standard on the top-of-the-line 
LS is a driver-side air bag. Prices will range from $20,000 
to $25,000, depending on options. 

The Acura name doesn't yet have the panache of the 
German marques, but if Honda keeps building cars 
like this, it's only a matter of time. Maybe the choice of 
that name wasnt audacity after all. Maybe it was just 
confidence. us 
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A cross between a fast rowing shell and a 
weekend family boat, this nimble craft is 
built from thin plywood bonded and sealed 
with epoxy. No metal fasteners are used. 


By PAUL and MARYA BUTLER 
Photos by Paul Butler 


your own power, the bow of the single-seat boat slic- 

ing the surface with a hissing sound on a quiet early 
morning when you're the only person on the lake. There's 
only one hitch: You can't share the pleasure with a 
passenger. 

We've designed a simple-to-build multipurpose dory that 
combines some of the features of a fast rowing shell with 
the qualities of a family weekend boat. Although not as 
stable as a wider and heavier boat, it is more comfortable 
and safer than a sensitive rowing shell. And though de- 
signed primarily as a one-person boat, it can carry pas- 
sengers fore and aft—as long as they sit on the bottom of 
the craft to maintain a low center of gravity. 

With its light weight and smallish size, the boat is not 
intended as the supreme rough-water craft, but it will 
nevertheless handle wind chop and moderate waves that 
would swamp a rowing shell. And it is still small enough 
to be car-topped to the bay or lake for an early morning 
row. Because the dory is built from thin hardwood ply- 
wood that is bonded and sealed with epoxy, it is light and 
strong and will resist the traditional boat problems of rot, 
delamination, and water soak [“Wood-Epoxy Construction,” 
PS, March '84]. In fact, a builder who is concerned with 
keeping weight to a minimum can build a hull for this 
dory that will tip the scales at less than 60 pounds—even 
with the two large fore and aft flotation compartments. 

Light weight means the boat is faster through the water, 
and it's easy to load and unload from atop a vehicle. Be- 
cause the sliding-seat mechanism is easily removable as 
a unit, it can be hauled separately and refitted when the 
boat is unloaded. 

Although the dory can be fitted with traditional thwart 
seats, most builders are likely to choose a commercial 
sliding-seat mechanism. Such a seat takes a bit of prac- 
tice to get used to, but it provides by far the best rowing 
performance, as well as a good upper- and lower-body work- 
out for the rower. 

The complete sliding-seat mechanism and its associated 
hardware are available from Martin Marine Co. (Box 251, 
Kittery Point, Maine 03905). To make the setup work best, 
you also need a balanced pair of nine-foot, six-inch spruce 
spoon oars (Martin Marine stocks these, too). When the 
dory is used for fishing in rough water or for carrying 
gear and passengers, the sliding seat is best replaced by a 
detachable wood thwart; a pair of eight-foot spruce oars 
will make the dory much more manageable in these situ- 
ations. The shorter oars are also the best choice for begin- 
ners and children. 

The boat contains two sealed flotation compartments, 
which are made watertight with epoxy fillets (see draw- 
ing); once bonded to the hull, they become primary struc- 
tural members. Even when the boat is full of water, the 
wood hull and flotation compartments will support one 

Continued 


A natural finish shows off the attractive grain of the dory's 
hardwood plywood hull (top and far left). The sliding-seat 
mechanism (left) helps you sprint across lakes—double the 
fun of an indoor rowing machine. 


T is a thrill in moving fast through the water under 
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person with shoulders out of the water. The compartments 
may also be fitted with screw-in access hatches that con- 
vert them to dry storage compartments. 

Using the wood-epoxy building method eliminates much 
time-consuming fitting from the construction process. The 
boat is built without metal fasteners of any kind; the ply- 
wood pieces are joined with a simple butt joint reinforced 
by an interior butt block. The chine—where the sides and 
bottom meet—is filleted on the inside and wrapped on 
the outside with fiberglass tape saturated with epoxy resin. 


The dory’s bottom is coated with black graphite powder 
added to the resin to produce a hard low-friction surface. 

The wood-epoxy dory—we christened ours The Osprey— 
is built upside down using a simple temporary-frame sys- 
tem. It does not require exacting lofting or previous boat- 
building experience, and is entirely within the capability 
of most home woodworkers. Detailed building plans, in- 
cluding an instruction manual and sources for all materi- 
als, are available for $25 from Butlers (Box 1513, Hamilton, 
Mont. 59840-1513). Oe) 


Wood-epoxy dory construction 


SECTION THROUGH AFT COMPARTMENT IN DORY 
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The detail at top left shows construc- 
tion of the optional plywood thwart 
that replaces the sliding seat. The sides 
of the dory (above) are made of qual- 
ity М-їп. hardwood plywood that is 
butt-joined to the %-in. plywood bot- 
tom. (Flounder Bay Lumber, Third and 
O Sts., Anacortes, Wash. 98221, will 
ship anywhere.) Epoxy fillets reinforce 
and seal the inside of the joint, while 
the outside is wrapped with epoxy- 
soaked fiberglass tape. Temporary as- 
sembly frames (top right) made from 
scraps of plywood and lumber hold the 
hull pieces in place until the epoxy 
cures. Before assembly, all parts are 
finished with three rolled-on coats of 
West System epoxy (available from 
Gougeon Brothers, Inc., Box X908, Bay 
City, Mich. 48707), followed by a coat 
of clear linear polyurethane paint. If 
you choose to use domestic AA-grade 
marine fir ply, you must sheathe the 
hull with 4-oz. fiberglass cloth to pre- 
vent hairline cracks. This will result in 
a heavier but more abrasion-resistant 
hull. Filleting detail is shown at center 
right. The diagrams at right suggest 
plywood cutting patterns. 


SECTION THROUGH DORY AT SEATING STATION 


ALL EDGES SHOULD BE SANDED SMOOTH 


PROBABLE CUTTING PATTERNS: 
(Dec ر‎ 2hb- po eam NES 


mes AFT HALVES OF SIDES 


* aw) ab: FWD. COMPARTMENT 
(ee = а: КЕР COMCASIMENT 


— BUILDING BASE 


ES 
FOR, PROPER 
WORKING HEIGHT 


DRAWINGS BY MARYA BUTLER 


* TRANSOM 


05 - FWD. HALVES OF SIDES 


86 | POPULAR SCIENCE 


TECHNO-TRACTORS | 


So you think a tractor is a tractor is a tractor? Not anymore. Two new tractors from Japan 
show that even these once-simple garden machines can't escape the long arm of technology. 


By JIM SCHEFTER 


pen and I mounted our twin Honda 

RT5000 utility tractors. We were 
aimed for a muddy field at the compa- 
ny's headquarters in Torrance, Calif., to 
test this new—and unusual—tractor that 
offers four-wheel drive and four-wheel 
steering. These weren't ideal conditions 
for testing any kind of grounds-keep- 
ing equipment, but Crippen, an as- 
sistant technical manager at Hon- 
da, shouted "Follow me!" and sped 
away at the machine's top 7-mph 
speed. 

Dropping the clutch pedal to the 
floor, I toggled the shift lever into top 
gear with my left hand, pushed the throt- 
tle up to maximum with my right, and 
popped the clutch. The tractor took off 
smoothly after Crippen. 

What makes the RT5000 new and dif- 
ferent is the combination of four-wheel- 
drive (4WD) and four-wheel-steering 
(4WS) systems in a garden-size tractor; it 
is one of two small tractors for 1987 en- 
tering that new four-wheel realm. The 
other is the Kubota PX-2100 commercial 
4WD tractor, which has computer-con- 
trolled, hydraulically actuated systems 
and allows three different steering modes 
and full remote control. I tried both under 
limited conditions: the Honda in driving 
rain and mud, and the Kubota on a small 
and soggy corporate lawn. 

“Drop the plow and cut a 
furrow,” Crippen yelled 
from his tractor seat 
when I stopped in the 
field. I shoved the up- 
down lever to “down,” 
and the plow sank into 
the muddy soil. 

[Continued on page 111] 


T: rain pelted down as Craig Crip- 


Single steering gearbox 
(1) in Honda system con- 
trols both front and rear 
wheels via two rack-and- 
pinion sets. Steering in- 
put is transferred to the 
rear by an offset relay 
pull rod (2). Intricate gear- 
ing causes the rear wheels 
to turn about 2° in the 
same direction as the front 
at the start of a turn, then 
turn in the opposite direc- 
tion at a 2:1 front-to-rear ratio. 


DRAWING BY DAN OSYCZKA 


JUNE 1987 |. 87 


Reach for the sun (continued from page 781 


treatment. I used Caradco windows 
throughout the addition, but I had 
two problems: Because of the Energy 
Shield insulation, the finished wall 
would be % inch out from the win- 
dow frames; and I didn’t want to 
create bulky-looking window trim. So- 
lution: I brought the drywall even with 
the ends of the frames to create a 
Y%-inch lip, then used corner bead 
around the perimeter. Spackling and 
painting the corner bead resulted in 
a neat-looking opening where only the 
wood of the window frame is visible. 


Before finishing the walls and in- 
stalling the floors, I had to set up the 
wood stove—a large catalytic wood- 
burner from Consolidated Dutchwest. 
I wanted a wood stove as an auxiliary 
heat source in the cavernous living 
area, and because the stove has glass 
doors, the visible fire provides a cozy 
atmosphere. (To break up the strati- 
fied layers of heated air bound to form 
in a room with a cathedral ceiling 
—and to provide cooling currents of 
air in the summer—I also installed 
ceiling fans from Beverly Hills Fan 


3 


YESTERDAY 
IT WAS CHLORDANE. 


TODAY IT'S ORTHO- 


ORTHO-KLOR Soil Insect & 
Termite Killer is a concentrated 
liquid insecticide from ORTHO that 
will kill all the insects that Chlordane 
was originally used to control and is 
especially effective against tough-to-kill 


ants and termites. 


Since it contains the broad spectrum, pro- 
fessional insecticide Dursban? you can count 
on ORTHO-KLOR to control the major outdoor 
home pest invaders quickly and effectively. 


ORTHO-KLOR 


Indoor & Outdoor Insect Killer 
is a milder, general-purpose 
insecticide dust that kills 
pests inside and outside your 
house. Use it to kill most 
nuisance pests including 
roaches, ants, spiders and 
fleas and many others in and 


around your home. 


All rights reserved. 


ORTHO-KLOR The powerful 
replacement for Chlordane 
that gives you so much more. 


Ag. Avold accidents. For safety, read the entire label including 
рө, precautions, Use all chemicals only as directed. 
Copyright ©1987 Chevron Chemical Company. 


Сов new line of five-bladed “designer 
color” models. These range from high- 
tech chrome to rich pastel colors. I 
chose almond.) 

In setting up the stove, I followed 
the guidelines provided by the manu- 
facturer: Whenever you tackle a job 
like this, carefully read all the 
recommendations and installation 
instructions. I constructed noncombus- 
tible floor and wall shields using fire- 
proof underlayment—with a one-inch 
airspace at the wall—and a new prod- 
uct from American Olean Tile Co. 
called Terra Pavers. These are a cross 
between ceramic-mosaic and paving 
tiles. Because Terra Pavers have a 
nonporous, easy-to-clean surface, they 
are ideal for use with a wood-burning 
stove, where ashes inevitably find 
their way to the floor. 

Ah, the floor—that came next. A 
wood floor is not difficult to install 
once you get the hang of it, but it can 
be time-consuming...especially with 
random-width planking, which is what 
Iused. Holes have to be drilled for the 
blind nailing to prevent splitting, and 
you have to take special care to make 
sure the wide boards are snugged and 
nailed properly. 

The prefinished, dark-oak Chick- 
asaw Colony Plank floor I installed is 
made by Memphis Hardwood Flooring; 
the planking comes in three-, four-, 
and six-inch widths. The tongue-and- 
groove design has beveled edges to give 
it a slightly rustic look; however, the 
beveling is not uniform, which made 
it difficult to get all the boards snugged 
properly. Also, an inordinate number 
of the six-inch planks were very short, 
which made staggering the lengths 
difficult. The prefinished flooring saved 
finishing time, though, and the final 
appearance is perfect for a rural home 
like mine. 

Once I had the floor in, doors, trim, 
and paint were all that were left. I 
hung solid-pine six-panel doors for the 
bedroom and bath (bifolds for the 
closet) and installed 24-inch pine co- 
lonial casing and 3'A-inch baseboard. 
Once you get to the paint in a job like 
this, you know you're home free: After 
the drywall and trim got an under- 
coat of primer, a topcoat of Benjamin 
Moore Navajo White (flat for the walls 
and enamel for the trim) put the 
crowning touch on the project. MS 


LIST OF MANUFACTURERS' ADDRESSES 

The following manufacturers were selected for this project. 
American Olean Tile Co., 1000 Cannon Ave., Lansdale PA 
19446; Beverly Hills Fan Co., 12612 Raymer St., North 
Hollywood CA 91605; Brintec Corp., 1600 W. Main St., 
Willimantic CT 06226; Consolidated Dutchwest, Box 1019, 
Plymouth MA 02360; Caradco Corp., Box 920, Rantoul IL 
61866; Formica Corp., 155 Rte. 46 CN980, Wayne NJ 
07474; Memphis Hardwood Flooring Co., Box 7253, Mem- 
phis TN 38107: Benjamin Moore Paint Co., 51 Chestnut 
Ridge Rd, Montvale NJ 07645; Owens-Corning Fiberglas 
Corp., Fiberglas Tower, Toledo OH 43659 
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Designer bones— 
computers prescribe the prosthesis 


By treating the human skeleton as if 
it were an inorganic machine, Cornell 
University engineers have developed 
a computer-aided system that enables 
orthopedic surgeons to design ideal re- 
placement bone joints for patients of 
all sizes and ages. The system, called 
CAPS (for computer-assisted prosthe- 
sis selection), is being evaluated by 
surgeons at the Hospital for Special 
Surgery, in New York City. 

“Orthopedic surgery amounts to 
modifications of a machine. The sur- 
geon cuts, shapes, drills, and reams, 
just as you would with an inanimate 
machine. The difference is that you 
can't take the bone out and put it into 
a jig to work on it,” says Donald L. 
Bartel, a biomechanical engineer at 
Cornell University’s School of Mechan- 
ical and Aerospace Engineering, in 
Ithaca, N.Y. Together with Albert Н. 
Burstein, a biomechanical engineer 
at the Hospital for Special Surgery, 
Bartel developed the computer design 
system that applies mechanical prin- 
ciples to replacing parts in “machines” 
that have a unique characteristic: 
Human bones keep on growing and 
changing after the artificial joint is 
in place. 

“Bone is a living material,” Bartel 
notes, “It responds to changes, includ- 
ing the changes in load from an arti- 
ficial joint.” 

The body’s long-term response to the 
new part is one consideration made 
by the computer program in prescrib- 
ing an artificial joint. Physicians sit- 
ting at a CAPS work station are asked 
by the computer for the patient’s med- 
ical condition, age, weight, and bone 
geometry. Detailed information on the 
geometry of the patient’s existing 
bones is entered into the computer by 
tracing X-rays with an electronic pen, 
although more advanced CAPS sys- 
tems will take information directly 
from CT (computerized tomography) 
scanning machines. 

“The surgeon is led, step by step, 
through an orderly selection process. 
In the background is a decade of re- 
search in developing design rules for 
the bone systems,” says Bartel, add- 
ing that the Cornell biomechanics 
team studied human skeletons of all 
races at the American Museum of 
Natural History, in New York City, as 
well as analyzed used artificial joints 
for wear and tear. 

After CAPS makes its recommen- 


dation, it can be overruled or modi- 
fied by the surgeon. The prescribed 
replacement joint could be an “off-the- 
shelf" model from manufacturers of 
metal and plastic devices, or CAPS 
may prescribe a custom device. In 


the first tests of the CAPS system, 
biomechanical engineers will compare 
prescriptions made by surgeons using 
the computer program with those of 
experts working without the computer. 
—Stuart F. Brown 


Breakthrough Desi 


Adjustable 


et Kit 
U.S. AND FOREIGN 
PATENTS PENDING 


This One Tool Replaces Twenty Sockets 


No more need for a whole set of individual 
sockets. No more fishing around in your 
tool kit for the right size. This new 
CHANNELLOCK 906 Adjustable Socket 
does it all. Replaces 20 individual sockets. 
Fits 20 bolt or nut sizes, both metric and 
standard. Best of all — 

* IT'S SIMPLE TO OPERATE. Just turn 
the knurled collar and the triple action. 
jaws lock into a can't-slip grip on the bolt 
or nut as shown in illustrations. 

BUILT TO LAST. PRECISION MADE of 
high grade forged steel. Withstands 
1,200 inch 165. of torque at maximum 
opening. 

e COMPACT, EASY TO CARRY 


* DOUBLES AS A NUT DRIVER. Just 
connect a 3/8" spinner handle onto the 
adjustable head. 

* SIZE RANGES - Standard: 
5/16 through 5/8 inches 
Metric: 9 sizes 8 through 16 mm. 

* LIFETIME GUARANTEE 


11 sizes 


Place CHANNELLOCK 906 over nut or bolt. 
Rotate knurled collar to tightest fit. Triple 
action jaws close and lock into a can't-slip grip. 


Send for catalog information. 


(CHAN wer LOCK] 


For You Who Want The Best 
© 1986 CHANNELLOCK, INC. Meadville, PA 16335 


CHANNELLOCK Pliers Are American Made. 
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What’s New 


PRODUCTS/TECHNOLOGY 


a 
Sports spectacles 


Take these pocket-size 5 x 30 
binoculars to the ball park 
or horse races, and you can 
watch the competitors while 
you listen to the announcer 
on a built-in radio. The $40 
glasses come with a case and 
earplug. Made by Romor In- 
dustries, 15036 Delano St., 
Van Nuys, Calif. 91411. 


(Luxury off-roader 


It can climb 45° slopes, ford 
streams and ponds (as shown 
below left), or cruise at over 
100 mph on the highway, 
claims Range Rover of North 
America (Lanham, Md.). The 
$31,000 4WD Range Rover 
has a 150-hp fuel-injection 
aluminum V8, disc brakes 
all around, and a Boge ride- 
leveling unit in the rear. The 
latter automatically pumps 
up for carrying heavy loads 


Water bomber 


The only amphibian in pro- 
duction, the turboprop CL- 
215T will fight forest fires 
without having to land at 
airports to replenish water 
supplies. Canadair claims it 
will be six times more effi- 
cient than its predecessor, 
the CL-215. The first flight is 
scheduled for Sept. '88. 
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or for towing, and keeps the 
vehicle at a constant side 
height. The Range Rover 
seats five and can carry more 
than 70 cu. ft. of cargo when 
rear seats are folded down 
—апа up to 82 cu. ft. if you 
remove the rear seats. 


| OTaiwan’s first 


The Yue Loong Feeling 101, 
the first auto launched in 
Taiwan, is based on the Nis- 
san Stanza’s mechanicals, 
but its exterior skin was done 
without outside help. Pow- 
ered by a 1.6- or 1.8-liter 
engine, the car costs about 
$12,000 in Taiwan. If sales go 
well, it may be exported. 


Laser tower 


A laser sculpture will be the 
centerpiece of a park open- 
ing in Phoenix, Ariz., later 
this year. Vertical laser beams 
will be visible for miles, and 
scanners will create screen 
effects on fabric awnings 
around an amphitheater. Con- 
soles will allow passers-by to 
manipulate the beams. 


Clean your boat without haul- 
ing it out of the water or div- 
ing. Floats push Dri-Diver 
against the hull while you 
rub off marine growth. The 
$89 plastic device comes in 
two styles, for powerboats 
or sailboats. Dri-Diver, 728 
N. Branciforte Ave., Santa 
Cruz, Calif. 95062. 


See-through cell 


Solar cells that transmit light 
while generating electricity 
may one day be installed in 
car windows, skylights, and 
greenhouses. Researchers at 
Sanyo Electric (Little Ferry, 
N.J.) say they have made 
the first translucent solar 
cell by etching microscopic 
holes in its silicon film. 
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Hanging lamp jack ù| 
Installing ceiling-mounted | 
lamps is quick and easy with 
Wire Light, a ceiling-fixture 
jack made by The Wiremold 
Co. (60 Woodlawn St., West 
Hartford, Conn. 06110). The 
$15 unit consists of a mount- 
ing plate and screw-on wir- 
ing jack that attaches to a 
hanging light fixture. 


c 
Extendable awnings 


Retractable Arm Awnings 
have hand-crank- or electric- 
motor-driven extension arms 
rather than support poles. 
Sun and wind sensors can 
control opening and clos- 
ing. A 10-ft.-wide unit with 
8-ft. projection costs about 
$1,000. Pease Ind., 7100 Dixie 
Hwy. Fairfield, Ohio 45014. 


<> 
Solar air cooler 


During the day, the $829 
New Breeze evaporative air 
conditioner requires no util- 
ity power to cool an 8-by-16- 
ft. room: It runs on a rooftop 
solar panel. For nighttime, 
an AC power pack is avail- 
able. Independent Power 
Co., Box 649, North San 
Juan, Calif. 95960. 
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Clear caulking [n 


Lexel, an isoprene-and-sty- 
rene compound, is tougher | 
and stronger than silicone 
weatherproofing sealants, | 
claims Sashco Sealants(3900 | 
E. 68th Ave., Commerce City, 
Colo. 80022). Lexel bonds 
to virtually any surface and | 
is paintable. A cartridge | 
costs $7. 


€ 
Rotten-fence fixer 


Fencemenders are sheet- 
metal sleeves that enclose 
rotted 4x4 wooden fence 
posts to provide support. 
The $13 repair sleeves are 
driven into a post hole with 
a sledgehammer and nailed 
in place. Fencemender 
Corp., 38592 Cedar Blvd., 
Newark, Calif. 94560. 


(Faux tile top 


This '2-in.-thick cast-lime- 
stone-and-resin vanity top 
looks like real ceramic tile. 
The tile top’s “grout lines" 
never discolor because the 
surface is coated with a pro- 
tective-gel. Made by Nauti- 
lus (Box 159, Hartford, Wis. 
53027), a 19-by-31-in. model 
with oval bowl is $133. 


A SPA IS A SPA IS A SPA? 


A CONSUMER 
GUIDE 


If you've been considering a spa, you're probably 
already aware of the benefits and pleasures of 
whirlpool massage. However, not all spas are alike. 
The true test of any spa is whether it can provide 
these pleasures conveniently and efficiently. We'd 
like you to know what to look for when shopping for 
a spa and show you why the engineers who designed 
the HOT SPRING SPA® have produced the best spa 
available today. 
1. FULLY WARRANTED MATERIALS AND 
CONSTRUCTION. 
The HOT SPRING SPA is made of the most advanced 
and durable material of any spa - КОУН (A), 
Almost all leading manufacturers are turning 
toward this softly textured non-slip plastic 
because of its obvious superiority in s 
applications, Unlike fiberglass or acrylic surfaces, 
ROVEL won't peel, blister, crack, or delaminate. 
Asa result, ROVEL is guaranteed to be much 
more durable than any other spa material. In 
fact, while most acrylic manufacturers have 
reduced surface warranties to just one year, 
HOT SPRING SPA has stood firm with a full five. 
years' coverage. HOT SPRING SPA is the oldest 
and largest manufacturer of ROVEL spas in 
the world, 
2, CONVENIENCE AND EFFICIENCY. 
Most spas have very little thermal insulation, some 
have none at all! Just how important is insulation? 
It's the most important feature in private spa 
ownership! Uninsulated spas will physically not 
operate in colder climates, making spa use as 
seasonal as a swimming pool. Further, a marginally 
insulated spa forces the heater to run continuously, 
costing you money. Many manufacturers try to 
compensate for the lack of insulation and their 
inefficient “air blower” systems by offering gas, 
220v., or convertible heaters. While these options are 
viable in professionally installed, commercial or 
continuous use applications, they represent an 
unsafe, inconvenient, and costly alternative for 
residential use. The HOT SPRING SPA is filled SOLID. 
with 130 Ibs. of polyurethane foam insulation (B) and 
includes a 3%” thick insulating cover as standard 
equipment (С). This heavy insulation makes it 
economical to keep the 110v. HOT SPRING SPA 
heated to your desired temperature 24 hours a day, 
regardless of location, You can use your HOT 
SPRING SPA at any time, day or night, in ANY 
climate, and for just pennies. 
3. HYDROTHERAPY JETS. 
Vigorous jet action is the key to true hydrotherapy. 
Only the HOT SPRING SPA gives you the option of 
powerful fixed jets (22 p.s.i. at each jet) (D), and the 
unique stroking effects of the MOTO-MASSAGE™, 
The exclusive MOTO-MASSAGE JET glides 
gently u р and then down the entire length of 
your back in a continuous s sweeping г motion (E). 
In addition, we provide a "warm air" control 
which can be reached from inside the spa so you 
can vary the intensity of the jets (F). These 
features combined with the STA-RITE Max-E- 
Glas pump provide the best hydrotherapy 
available today. (G). 


4, WATER CHEMISTRY AND FILTRATION, 
Look for a large water capacity when shopping for a 
spa. Units that contain less than 180 gallons make it 
difficult to maintain proper water chemistry and 
require frequent draining. In addition, a larger capac- 
ity aids in heat retention. The HOT SPRING SPA con- 
tains over 325 gallons of water. Unlike many portables 
that have overlooked the value of good filtration, the 
HOT SPRING SPA features a huge 45 square foot filter 
(Н). Because of its size, it requires attention only 2 to 
3 times per year, Its top loading design allows you to 
inspect, remove and clean it without draining the spa. 
5, SEATING AND LIGHTING, 

The HOT SPRING SPA features a split level seating 
ring, built deep for comfortable reclining and total 
immersion (1). The barrier-free design eliminates the 
cramped, confined feeling of bucket seats, and 
allows you to move easily from fixed jets to moving 
jets or parts in between. The wide resting rim (J) 
provides an ideal perch for cooling off, or a safety 
bench for children. The HOT SPRING SPA also fea- 
tures an oversized underwater light with dimmer (K). 
Colored bulbs can be interchanged quickly and 
safely to create different effects. 

& NO INSTALLATION. 

Simplicity of installation should be checked. An 
in-ground spa is the most difficult, requiring back- 
yard excavation, building permits and an expensive 
installation crew. Permanently wired 220v., and gas 
units are not much simpler, and completely elimi- 
nate the advantage of portability. The HOT SPRING 
SPA avoids these problems by requiring only com- 
mon household current to operate (110v. dedicated 
20 amp.) (L). Just fill it up and plug it in. Its unique 
“treated grid” system requires no specific foundation 
for set-up and, as a portable appliance, you can take 
the HOT SPRING SPA with you when you move. 


7. LISTED BY UNDERWRITERS 
LABORATORIES. 
The HOT SPRING SPA is completely listed by 
Underwriters Laboratories, the recognized experts in 
testing for safety. The importance of correct and safe 
electrical design should not be overlooked. Check 
for the U.L. Mark on the outside of any spa you're 
considering - you'll see it on the HOT SPRING SPA. 


We are proud of the quality features and 
performance we build into every HOT SPRING SPA. 
Each HOT SPRING SPA is an integrated design whose 
form follows function - the result of 10 years’ 
evolution toward an ideal, So, before you buy any 
spa by any other name, see and test the HOT 
SPRING SPA. It's not the same. 


NOBODY BACKS 
YOU BETTER. 


Six models to choose from. Dealers nationwide. For a 
complete catalog and a dealer nearest you, please 
call: 800/243-9851. In California, call: 800/331-5832. 


WATKINS MANUFACTURING CORPORATION 
6225 El Camino Real, Carlsbad, CA 92008 


What’s New 
in Photography 


Throwaway | 


Eastman Kodak’s Fling is a 
disposable camera—a 24-ex- 
posure 110 Kodacolor film 
cartridge wrapped in a fling- 
away housing, with a 25-mm 
f/8 lens, simple /ı20-sec. shut- 
ter, and manual film ad- 
vance. It’s aimed at impulse 
buyers at amusement parks 
and beaches. Under $7. 


(Heavy-duty case 
Aerospace cases are made 
from the same thermoplas- 
tic resin used in Ford's Tau- 
rus and Sable bumpers for 
maximum impact resistance. 
They are watertight and air- 
tight. Carts and dollies are 
also available. Andiamo, 
Box 8415, Fountain Valley, 
Calif. 92728; from $230. 


c 
Auto-bracketing SLR 


The Contax 167 MT is a 35- 
mm single-lens-reflex cam- 
era with an unusual fillip: It 
provides built-in automatic 
bracketing. The camera will 
take normal, under-, and 
over-exposures in 1 sec., at 
one-half- to two-stop incre- 
ments. List price (for the 
body only) is $725. 


<> 
Throwaway Il 


Like the Kodak Fling above, 
the Fuji Quick Snap wraps 
a disposable camera around 
a 24-exposure film cartridge 
—but Fuji's approach uses 
35-mm film, not 110. And like 
the Fling, it is meant for 
outdoor sunlit shooting; the 
shutter speed is ио sec. 
Price: less than $10. 
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Autofocus SLR 


Latest to join the auto-every- 
thing SLR bandwagon is the 
Pentax SF1. In addition to 
the usual goodies, it has a 
built-in pop-up flash with 
through-the-lens metering. 
Pentax is also introducing 
nine autofocus lenses for the 
SF1, including a 70-210-mm 
zoom. Prices are not yet set. 


> 


ы. . 
Fast telephoto 


А boon to sports and nature 
photographers and photo- 
journalists, this Leitz APO- 
Telyt-R 280-mm f/2.8 lens 
focuses to a close 8.2 ft. It al- 
lows the camera to swivel 
for either vertical or hori- 
zontal shots. With a protec- 
tive filter, palm grip, and 
metal case, it's $6,402. 


Versatile brackets ¢» 


New Stroboframe Quick Flip 
flash brackets are available 
in models for 35-mm and 
medium-format cameras. 
They use a pivoting arm that 
keeps the flash above the 
lens in horizontal and ver- 
tical shots. The Saunders 
Group, 67 Deep Rock Rd., 
Rochester, N.Y. 14624; $45. 


€ 

See-through instant 

Billed as "the world's first 
transparent camera," Pola- 
roid's Onyx model of the 
Spectra system instant film 
camera lets the photogra- 
pher who has everything 
watch what goes on inside as 
the camera makes more than 
30 complex focusing and ex- 
posure decisions within 0,000 
sec. The Onyx uses the rec- 
tangular-format film first in- 
troduced with the Spectra. 
Its features include sonar 
autofocusing, a built-in pro- 
grammed flash that re- 
charges in as little as "5 sec., 
auto exposure control, and 
auto film advance. Price is 
$280, or $350 for a kit includ- 
ing accessories. 


c 
Dual-purpose tele 


This Ricoh 500-mm mirror 
telephoto lens doubles as a 
high-powered spotting scope 
off the camera with the sim- 
ple addition of an auxiliary 
eyepiece. It has a fixed f/8 
aperture and focuses to 6% 
ft. Just 5.3 in. long, it weighs 
28 oz. Price: $485. 


QSwing-shift SLR 

Fuji's GX680 medium-format 
(6-by-8-cm) camera has a 
built-in front bellows that 
provides full lens movement, 
with tilt and swing, shift, 
and rise and fall. It has 
through-the-lens metering 
and an electronically con- 
trolled shutter. It's $2,488 
with a 135-mm f/5.6 lens. 
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Car scrubber 


Water pressure powers the 
soft rotating bristles of the 
Swirlon Mark II System. The 
head has an Il-way adjust- 
able neck, a removable soap 
reservoir, and an on/off con- 
trol valve. Intermark World 
Products, Ltd., 630 Green 
Bay Rd., Kenilworth, Ill. 
60043; $30. 


Trigger Hitch swings to the 
left or right for up to 13 in. 
of movement and slides for- 
ward and backward up to 7 
in. Once the trailer is hooked 
up, you drive forward. The 
hitch locks into position as 
the pulling begins. Trigger 
Hitch Co., 606 Canal St., Del- 
cambre, La. 70528; $160. 


FM signal sender 


Plug Sound Sender into the 
cigarette lighter, and any 
portable cassette or com- 
pact-disc player sends the 
player’s sound through the 
vehicle’s FM radio. It retails 
for about $30. Dynasound 
Organizer, Div. of Hartzell 
Mfg., 2516 Wabash Ave., St. 
Paul, Minn. 55114. 


(Bed box 


Pickup beds lack the secu- 
rity for expensive hand tools 
and materials. A Delta Clas- 
sic steel bed box ($90) can 
provide lockable weather- 
proof storage, a sliding or- 
ganizer tray, and a black 
baked-enamel finish. Delta 
Inc. of Arkansas, Box 3098, 
Jonesboro, Ark. 72403-3098. 
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a 
Portable AC power 


The PowerPal inverter clips 
to a vehicle’s battery for 
1,200 watts of continuous 
power (up to 4,800 watts in 
a surge) at 115 volts AC and 
60 Hz. It has a low-battery 
shut-off and overload shut- 
down. PowerStar Products, 
10011 N. Foothill Blvd., Cu- 
pertino, Calif. 95014; $600. 


MONEY LEFT ОХ 


At a price of only $6299, the Isuzu P’UP is 
the lowest priced import truck in America. * 


But about the only place we made compro- 
mises was the price. 


We certainly didn't cave in when it came to 
the ро, It's capable of carrying over 2m editors at Road and Track. 


What's New for Your Car Continued 


I——— ا‎ (Handy hose 

Gates Rubber Co. has intro- 
duced a radiator hose with 
an internal steel spine wire 
that retains the shape of the 
hose once it’s formed. Gates 
claims the user can shape 
the hose to a 90° bend ra- 
dius without fear of hose col- 
lapse. It comes in 13- to 48-in. 
lengths; $9 to $12. 


Go-anywhere tire 


Michelin has designed a new 
tire to deliver outstanding 
off-road performance with- 
out the noise, sloppy han- 
dling, and premature wear 
of off-road tires. The XC All 
Terrain features self-cleaning 
lugs, blocked shoulders, and 
a cut-resistant compound. 
$100—$150. 


(Sliding-bed access 
Bed-Sled is an aluminum rol- 
ler-track system that pro- 
vides a sliding pickup or van 
floor for easy access to 
loaded items. The maker 
claims it will support a load 
of up to 750 Ibs. at the end. 
Davison-Wood, 5055 N. Har- 
bor Dr., Suite H, San Diego, 
Calif. 92106; $265 to $439. 


(High-speed retread 


The remanufactured M+S 
Achievor radial from Sears 
carries an “Н” rating for 
safe performance at track 
speeds of up to 130 mph. The 
computer-inspected tire has 
a 30,000-mile warranty and 
smooth-riding rubber com- 
pound, and comes in 10 sizes 
($44—$55) to fit most cars. 


Tougher tools 


SuperKrome wrenches from 
SK Hand Tool Corp. (Chica- 
go, Ill.) are hot forged from 
high-grade steel and are said 
to be up to 30% stronger 
than premium industrial and 
automotive brands. Avail- 
able in metric or English, 
they come in7-and 15-piece 
| sets ($36 and $95). 
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Anti-theft brakes 


Quadra Lock’s brake-line 
valve can stop a thief. Turn 
the key to the “on” position, 
and depress the brake pedal: 
Hydraulic pressure goes out 
from the master cylinder but 
can’t return, locking all four 
brakes. Guardian Systems, 
1635 W. Whittier Blvd., Mon- 
tebello, Calif. 90640; $259. 


м 


When ESCORT was introduced in 


1978, 


its radar warning was merely astonishing. 
Then the improvements began: 


“If you can Imagine the Turbo Porsche of the 
radar detectors, this Is It? That was Car and 
Driver's verdict on the first ESCORT. 

The comment referred to ESCORT's 
astonishing performance, but it anticipated 
something more. Just as Porsche keeps 
refining its classic 911, our engineers now 
have nine years of technical advancements 
built into ESCORT. 


More power under the hood 

While car makers talk about horsepower, 
engineers measure a detector's radar-finding 
ability in dB. Today's ESCORT is significantly 
more powerful than the one that drew super- 
latives from Car and Driver nine years ago: 
10 dB more sensitive on X band, 13 dB on 
K band. 

Our engineers never stop researching, 
and when they make a breakthrough, it goes 
into production immediately. Consequently, 
ESCORT performance is always at the fore- 
front. In its most recent test of ESCORT, Road 
& Track wrote, itis highly recommended’ 

Since then, our engineers have added 
anextra 2 dB to ESCORT's sensitivity on both 
bands. Imagine what Road & Track would say 
now. 


Rashid rejection too 
Of course, there's more to detection 
than simply issuing a long-range warning. 
The warning must be real. No false alarms. 


РЕ BPEPIS 
Eee 


4 
RADAR RASHID 

Figure 4: A digital spectrum analyzer scanning the entire width 
of К band can't see the difference between radar and Rashid. 


When the FCC cleared the Rashid VRSS 
collision warning system for operation on K 


band, there was no known way to distinguish 
between Rashid and radar. But our engineers 
came through again. Our AFR™ (Alternating 
Frequency Rejection) circuitry automatically 
isolates and neutralizes Rashid signals, yet 
leaves ESCORT's radar detection capability 
undiminished for your protection. 
The full radar report 
In addition to long-range warning, 
ESCORT also pioneered a full-disclosure 
warning system that tells you everything you 
need to know about the radar it finds. At 
first radar contact, the alert lamp responds 
and the analog meter indicates radar 
strength. Simultaneously you will hear an 
audio warning—pulsing slowly when radar is 
weak, quicker as you near, then constant as 
you approach range. 


3- 


Power-ON LED Signal Strength 
апа Sensor Meter 


Highway/City 
Switch 


ESCORT also provides separate warning 
tones for each radar band. And we've added 
a Mute function for your convenience: once 
you've noted the warning, touching a switch 
mutes the audio warning, yet leaves the 
detection circuits fully armed for the next 
encounter. 

Character reference 

Our policy of continuous refinement has 
prompted the experts at Road & Track to say, 
“Externally, the ESCORT has changed hardly 
at all over the years; internally, it has under- 
gone several major revisions, each estab- 
lishing new performance standards in the 
field’ 


Now... same-day shipping 
We build ESCORT in Cincinnati and we 
sell direct to our customers only. Call toll 
free. Orders in by 3:00 pm eastern time 
Monday through Friday go out the same day 
by UPS, and we pay shipping. Overnight 
delivery is guaranteed by Federal Express 
for $10 extra. 
Time-honored guarantee 
If you're not fully satisfied within 30 days, 
return your ESCORT. We'll refund all your 
money, including return postage, with no 
questions. 
More than a million drivers put their trust 
in ESCORT. Yours is just a toll-free call away. 


Order Today 
ESCORT $245 (OH res. add $13.48 tax) 


TOLL FREE...800-543-1608 


(Phone M-F 8-11, Sat 9-5:30, Sun 10-5 EST) 


By mail send to address below. All 
orders processed immediately. Prices 
slightly higher for Canadian shipments. 


ESCOR 


Т 
RADAR WARNING RECEIVER 
meee 


Cincinnati Microwave 
Department 01667 

One Microwave Plaza 
Cincinnati, Ohio 45249-9502 


© 1987 Cincinnati Microwave, Inc. 


BY V. ELAINE GILMORE 


Fill ’er up? 


New go-anywhere tools from 
Ryobi are powered by two- 
cycle gasoline engines. The 
trio includes a pneumatic ro- 
tary hammer (top, $579), 
hammer drill (center, $449), 
and reciprocating saw ($449). 
Ryobi, 1158 Tower Lane, 
Bensenville, Ill. 60106. 


E 
Cordless cutter 


Cut drywall, carpet, sheath- 
ing, veneer, and more with 
the various blades of Hi- 
tachi's cordless knife cutter. 
The knife ($179) cuts with 
an orbital action at 5,000 
Strokes per min. Its 9.6-V 
nicad battery recharges in 1 
hr. Hitachi, 4487-F Park Dr., 
Norcross, Ga. 30093. 


جه 

ig potential 
Skil's newest cordless drill 
has a 12-V nicad battery 
(9.6-V or smaller is standard) 
and re-engineered motor 
that packs more power. The 
drill, due out next month, 
comes in a two-speed ($150) 
and variable-speed ($175) 
model. Both have reverse 
and five clutch settings. 
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Drip stripper 

Freshly painted walls... 
how nice. Paint drips on the 
carpet, smears on wood- 
work, spatters on the brick 
fireplace... how annoying. 
Now you can remove dried 
latex-paint drips with Klean- 
Clean, claims Klean-Strip 
(Box 1879, Memphis, Tenn. 
38101). A 4-oz. can is $2.59. 


c 
No torch needed 


Quick Silver is a silver- 
bearing bonding paste that 
flows at 430^ F. You squeeze 
it from a syringe, then heat 
it with a match, butane light- 
er, or soldering gun. It forms 
high-strength bonds with 
most metals. It's from E. L. 
Jones Co., Box 849, Sanford, 
N.C. 27330; $12 (ppd.). 


QScraper/cutter 


The Slam Scraper uses a 
sliding action to deliver up 
to 150 psi. It removes ice 
from sidewalks or ceramic 
tiles from floors, says the 
maker. With a second head, 
it removes linoleum or trims 
garden borders. Gray Moun- 
tain Tool Co., Box 94221, Pas- 
adena, Calif. 91109; $35. 


When I put on the pair of 
glasses what | saw | could 
not believe. Nor will you. 


By Joseph Sugarman 

Iam about to tell you a true story. If 
you believe me, you will be well reward- 
ed. If you don't believe me, I will make її 
worth your while to change your mind. 
Let me explain. 

Len is a friend of mine who knows 
good products. One day he called excited 
about a pair of sunglasses he owned. “It’s 
so incredible," he said, “when you first 
look through a pair, you won't believe it.” 

“What will I see?” I asked. “What 
could be so incredible?” 

Len continued, “When you put on 
these glasses, your vision improves. Ob- 
jects appear sharper, more defined. 
Everything takes on an enhanced 3-D ef- 
fect. And it’s not my imagination. I just 
want you to see for yourself.” 

COULDN'T BELIEVE EYES 

When I received the sunglasses and 
put them on I couldn't believe my eyes. 
Ikept taking them off and putting them 
on to see if indeed what I was seeing was 
indeed actually sharper or if my imagina- 
tion was playing tricks on me. But my 
vision improved. It was obvious. I kept 
putting on my $100 pair of sunglasses and 
comparing them. They didn't compare. I 
was very impressed. Everything ap- 
peared sharper, more defined and indeed 
had a greater three dimensional look to 
it. But what did this product do that made 
my vision so much better? I found out. 

The sunglasses (called BluBlockers) 
filter out the ultraviolet and blue spectrum 
light waves from the sun. You've often 
heard the color blue used for expressions 
of bad moods such as “blue Monday” or 
“Ihave the blues." Apparently, the color 
blue, for centuries, has been considered 
a rather depressing color. 

For eyesight, blue is not a good color 
too. There are several reasons. First, the 
blue rays have one of the shortest 
wavelengths in the visible spectrum (red 
is the longest). As a result, the color blue 
will focus slightly in front of the retina 
which is the “focusing screen” in your 
eye. By blocking the blue from the 
sunlight through a special filtration pro- 
cess, and only letting those rays through 
that indeed focus clearly on the retina, ob- 
jects appear to be sharper and clearer. 

The second reason is even more im- 
pressive. It is harmful to have ultra-violet 
rays fall on our eyes. Recognized as bad 


for skin, UV light is worse for eyes and 
is believed to play a role in many of today’s 
eye diseases. In addition, people with con- 
tact lenses are at greater risk use con- 
tacts tend to magnify the light thus in- 
creasing the sun’s harmful effects. 
SUNGLASS DANGER 

Finally, by eliminating the blue and 
UV light during the day, your night vision 
improves. The purple pigment in your eye, 
called Rhodopsin, is affected by blue and 
ultraviolet light and the eyes can take 
hours to recover from the damage. 

But what really surprised me was the 
danger in conventional sunglasses. Our 
pupils close in bright light to limit the light 
entering the eye and open wider at night 
like the lens of an automatic camera. So 
when we put on sunglasses, although we 
reduce the amount of light that enters our 
eyes, our pupils open wider and we allow 
more of the harmful blue and ultraviolet 
light into our eyes. 


DON’T BE CONFUSED 
I'm often asked by people who read 
this, “Do those Blu-Blockers really 
work?" They really do and please give 
me the opportunity to prove it. I 
guarantee each pair of BluBlockers to 
perform exactly as I described. 


BluBlocker sunglasses use ophthalmic- 
quality CR-39 lenses with a hard anti- 
scratch coating. Over 85 percent of all 
doctors' prescriptions are now filled with 
CR-39. No shortcuts were taken. 

The black, light-weight anodized al- 
uminum frame is one of the most comfor- 
table I have ever worn and compares with 
many of the $200 pairs you can buy from 
France or Italy. 

The weakest link in any pair of glasses 
is the hinge. So there's a precision two- 
way tension hinge that not only bends 
when you close the pair, but is spring- 
loaded to bend outward too. You get a 
completely flexible frame that will com- 
fortably contour to any size face. 

There are also two other models. One 
is a clip-on pair that weighs less than one 


They look like sunglasses. 


ounce and fits over prescription lenses and 
the second is a precision-molded plastic 
frame that looks identical to the aluminum 
model but without the tension hinge. All 
models include a padded carrying case and 
a one-year limited warranty. 

I urge you to order a pair and ex- 
perience your improved vision. Then take 
your old sunglasses and compare them to 
the BluBlocker sunglasses. See how much 
clearer and sharper objects appear with 
the BluBlocker pair. And see if your night 
vision doesn’t improve as a direct result. 
If you don’t see a dramatic difference in 
your vision—one so noticeable that you 
can tell immediately, then send them back 
anytime within 30 days and I will send you 
a prompt and courteous refund. 

DRAMATIC DIFFERENCE 

But from what I’ve personally witness- 
ed, once you wear a pair, there will be no 
way you'll want to return it. 

Pilots, golfers, hunters, athletes and 
anyone who spends a great deal of time 
in the sun, who drives a car or who just 
wants to protect their vision—all will find 
BluBlocker sunglasses indispensable. 

Our eyes are very important to us. Pro- 
tect them and at the same time improve 
your vision with the most incredible 
breakthrough in sunglasses since they 
were first introduced. Order a pair or two 
at no obligation, today. 

Credit card holders call toll free and 
order by product number below or send 
acheck plus $3 for postage and handling. 
Aluminum Deluxe (0029HW) . . .$69.95 
Clip-On Model (0028HW) ... Х 
Precision Plastic (00831HW) 


о 
С» 


One JS&A Plaza, Northbrook, Illinois 60062 
CALL TOLL FREE 800 228-5000 


IL residents add 7% sales tax. ©JS&A Group, Ine; 1987 


Smart remote 


This remote control can 
mimic—and replace—indiv- 
idual remotes for hi-fi, TV, 
or satellite TV receivers. 
Made by R. L. Drake Co. 
(Box 112, Miamisburg, Ohio 
45342), it controls Drake’s 
satellite receivers but can be 
programmed for any brand. 
Price: $130. 


Power watcher 


Designed to indicate current 
failure quickly, Current Ring 
slips over an AC power wire 
and glows as long as 2 amps 
or more are flowing. The de- 
vice requires no splices or 
connections. Made by Cur- 
rent Ring Co., Box 1525, Ball- 
win, Mo. 63022; $11.45 for 10. 
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Wireless hi- 


Attach an infrared transmit- 
ter to your hi-fi to hear high- 
quality audio (20—20,000 Hz) 
via a special receiver. The 
wireless earphone system 
has controls for volume, 
noise reduction, and bass 
boost. Koss Corp., 4129 N. 
Port Washington Ave., Mil- 
waukee, Wis. 53212; $120. 


(Built-in VCR 
GoldStar's 19-in. ViewMax 
TV has a VCR built in. The 
front slot accepts T-160 VHS 
tapes for up to 8 hrs. of re- 
cording time. The TV has 
105-channel capability with 
12 channel presets and re- 
mote control. GoldStar Elec- 
tronics Intl., 1050 Wall St. W., 
Lyndhurst, N.J. 07071; $650. 


Close-up camcorder 


The autofocus system on the 
Series-C3300 VHS-C cam- 
corder lets you take sharp 
pictures of objects that are 
as close as the front of the 
lens, says Minolta. It uses a 
through-the-lens phase-de- 
tection system to determine 
distance. Price is not yet set. 


<> 
TV receiver 


It's a stereo receiver, com- 
plete with speakers, but the 
V-7640 is made for TV. The 
cable-ready unit contains an 
amplifier and MTS decoder 
for listening to stereo broad- 
casts. Made by Universal Se- 
curity Instruments (10324 S. 
Dolfield Rd., Owings Mills, 
Md. 21117), it's $269. 


Increase your knowledge about all aspects of electronics 
An absolutely no-risk guarantee. = 
Select 5 Books for only $32 “i 1 


and a a Free Gift! sub 


THE SEARCH FOR THE 
ORDER OF THE UNIVERSE 


ARTIFICIAL 
INTELLIGENCE 
THEORY, LOGIC AND 
‘APPLICATION 


7 PRACTICAL 
1С PROJECTS 


BATTERY d 
YOU CAN BUILD. 


Sa 


1123P $9.95 


2671 $18.95 


~ ELECTRONIC & 
MICROPROCESSOR: 


ONIRE 
SECURITY PROJECTS) 
) 


Elementary 
Electricity 


1370 $26.95 


All books are hardcover unless otherwise indicated. (Publishers' Prices Shown) 
COMPACT —À ai eas Seale 


PLA um 
DISC PLAYER Исси 
тм THEORY 


AS Evectnowes Book Cau 


2790 $18.95 ^ 2839 $1595 1277P $18.95 2715 $16.95 


FREE when you join 


CABLE | Handy, Pocket-Sized 
Ma | Vm’ * „3 Resistor and Inductor Ё 
dy Color Code Calculator | «55:55 сого 


Membership Benefits • 3, Big gr dk In addition to this introductory 
offer, you keep saving substantially with members' prices of up to 5096 off the. 
publishers' prices. « Bonus Books. Starting immediately, you wil Ai Dla 
for our Bonus Book Plan, with savings of up to 80% off publishers’ prices. * 

News Bulletins. Hrs curs з-ду eo e o rre 
ing all the current selections—mains, alternates, extras—plus bonus offers and 
special sales, with hundreds of titles to choose from. • Automatic Order. If you 
want the Main Selection, do nothing and it will be sent to you faa 
you prefer another selection, or no book at all, simply indicate your choice on the 
reply form provided. • Ironclad No-Risk Guarantee. If not satisfied with your 
books, return them within 10 days without obligation! • Exceptional Quality. All 
books are quality publishers’ editions especially selected by our Editorial Board. 


It card is missing, use this address to join: ELECTRONICS BOOK CLUB, Р.О. Box 10, 
Dept PS-687, Blue Ridge Summit, PA. 17214 $999999999999999999999999999999999999999999 


The 
Professional 
Meter for 
Personal Use. 


The standard of the industry is setting 
а new standard for home use as well. 

The Fluke 77 multimeter is ideal to 
test and repair anything electrical: home 
wiring, appliances . . . even your car. It's 
inexpensive, simple to operate and 
filled with professional features. Made 
in the U.S.A. and backed by a 3-year 
warranty, the new Fluke 77 is the world's 
first handheld meter to combine analog 
and digital displays. 

For a free brochure or the 
distributor nearest you, call toll-free 
1-800-227-3800, ext. 229. Or write 
John Fluke Mfg. Co., Inc., РО. Box 
C9090, Everett, WA 98206. 


FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 


FLUKE73  FLUKE75 —— FLUKE 77 

79+ $109 

Mayapa Ашуы ay 
‘Volts, ohms, 10А, mA, 
diode test 

Autorange ‘Audible continuity 
07% basic dc accuracy  Aulorange/range hold 
0.5% basic dc accuracy 
2000+ hour battery йе 
Sea varariy 


Ro 


+ Suggested U.S. list price, elective January 2, 1987. 


© 1987 Fluke 
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Frozen tools icon 


cryogenically treated. Without excep- 
tion, the treated balls, coded by num- 
ber, were driven twenty to forty yards 
farther,” Norian told me. 

Materials Improvement’s Busch 
treats plastic that is turned into con- 
tact lenses. Elliot Pucker, president of 
Amcry, has treated nylon stockings 
and panty hose. Women who have had 
their nylons frozen report dramatic re- 
sults. One claims she gets an extra 
three months’ wear out of every pair. 

Stocking wearers and golfers may 
try cryogenic treatment based on hear- 
say, but big companies invariably run 
controlled comparison tests, general- 
ly on computerized numerically con- 
trolled machines, which eliminate the 
human factor. Often the companies 
run blind tests, with the machine op- 
erators and those keeping track of tool 
usage unaware there’s a test. 

In addition, extensive laboratory 
tests have been done by mechanical 
engineering professor Dr. Randall F. 
Barron at Louisiana Tech University 
in Ruston, La. Those tests, too, have 
confirmed the benefits of freezing on 
most alloy steels. In one series of tests 
Barron compared five common steel 
alloys. First, he tested them as bought. 
Then he chilled them to —120 de- 
grees F. Finally, he chilled them to 
— 320 degrees F. In all cases the cold 
treatment enhanced wear resistance 
—and the colder, the better, he found. 
The -—120-degree treatment im- 
proved wear resistance by ratios rang- 
ing from 1.2 to 2, depending on the 
alloy. The —320-degree soak im- 
proved wear resistance by ratios rang- 
ing from 2 to 6.6. 


The down side 


If cryogenic treatment is so good 
—and relatively cheap—why isn't it 
universally applied? 

For one thing, it doesn't always 
work; and when it will work is not 
always predictable. The American Iron 
and Steel Institute, a membership or- 
ganization in Washington, D.C., that 
represents most of the country’s steel 
makers, maintains that if a steel is 
properly heat-treated, cryogenic treat- 
ment can do nothing to improve it. 
Maurice DeWalt is chairman of that 
organization's tool-steel committee and 
chief metallurgist at Braeburn Alloy 
Steel in Lower Burrell, Pa. “А few of 
our customers tried cryogenic treat- 
ment some years ago," DeWalt said, 
“апа they found no improvement." 

To see whether cryogenic treatment 
had any detectable effect on home- 
workshop tools, POPULAR SCIENCE de- 
vised its own tests, with disappointing 
results (see sidebar). 

Even more problematic than the fact 
that cryogenic treatment does not al- 


Photomicrographs of scalpel edges 
show that cryogenically treated steel 
(above) can be sharpened to a finer 
edge than can untreated steel (top). 
One reason, say experts: The micro- 
structure is more homogeneous. An- 
other reason: Residual stresses, which 
can cause chipping upon grinding, are 
relieved. Photos: Applied Cryogenics. 


ways work is a lack of solid scientific 
research: No one knows for sure why 
deep-freezing might cause such bene- 
fits in the first place. 

“Rigorous scientific investigations of 
the mechanisms involved just haven't 
been done,” says Dr. Charles Mar- 
schall, a senior research scientist in 
the physical metallurgy section of Bat- 
telle’s Columbus, Ohio, laboratory. 
Marschall has a proposal out now so- 
liciting funds for a study that would 
attempt to predict performance im- 
provements after cryogenic treat- 
ment and investigate the mechanisms 
involved. 

In general, metallurgists put more 
credence in claims that steel is im- 
proved by cryogenic treatment than 
they do in such claims for other ma- 
terials. The standard theory espoused 
concerns the fact that the cold tem- 
peratures cause one form of crystal- 
line steel, called austenite, to 
transform to another, called martens- 
ite (see caption and drawings). 

Conventional steel metallurgy is 
based on this transformation. “In its 
annealed state, steel is soft and mal- 
leable. You can machine and form it,” 
Levine explained. “Then by heating 
it sufficiently, it can be put into the 


austenitic state. Subsequent rapid 
cooling, or quenching, of the austen- 
ite triggers a transformation to mar- 
tensite, which is hard and abrasion- 
resistant. 

“But even after quenching, you have 
some small amount of retained aus- 
tenite—which is soft and easily ab- 
raded,” Levine went on. “Traditionally, 
the hot metal is quenched to room 
temperature. 

“But there’s nothing sacred about 
room temperature,” he declared excit- 
edly. (Both the pitch and volume of his 
voice rise when he makes big points.) 
“As long ago as the forties, Dr. Morris 
Cohen, a noted metallurgist at MIT, 
observed that more austenite is trans- 
formed if you chill the steel below 
room temperature,” Levine related. 
Others have confirmed, through X-ray 
diffraction and other means, that cryo- 
genic treatment transforms some of 
the retained austenite to martensite. 

There are limitations to this theory, 
however. One is this: Assuming they 
were properly heat-treated, the high- 
alloy steels used for tools won't have 
much retained austenite—maybe as 
little as two percent. 

“If you start with only two percent 
retained austenite and end up with 
one percent, it is inconceivable to me 
that that could account for the enor- 
mous improvements that are often 
claimed,” Marschall confided. 


More carbides? 


Barron offers a second theory to 
help explain why freezing improves 
steel. He investigated various alloys 
magnified 1,000 times under a light 
microscope and reported seeing fine 
carbide particles after the freeze. 
"These were much smaller than the 
original carbide particles present in 
both the treated and untreated sam- 
ples," he told me. 

How would additional carbide pre- 
cipitation improve the performance? 
I asked that of Dr. Bruce Christ, a re- 
search metallurgist at the National 
Bureau of Standards in Boulder, Colo., 
who has had long involvement with 
metals and cryogenics. *When carbide 
precipitates form, the internal stress 
in the martensite is reduced," Christ 
explained. "That minimizes the sus- 
ceptibility to micro-cracking. And the 
distribution of fine carbides, which are 
very hard, could also increase wear 
resistance." 

But published research by other in- 
vestigators has not confirmed Barron's 
observations. "I can see how carbides 
could precipitate when you bring the 
Steel from cryogenic to room temper- 
ature,” commented Christ. “But 
whether they do is still up for grabs." 

Continued 
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Don't miss this 


Golden Opportunity 


Be your own boss! It's easy with: 
* Low capital investment programs 
* No inventory requirement 
* Sales aids & video tapes 
* Full training & support 
* Financial guidance & assistance 
* Construction assistance 
* Substantial discounts on homes 
* Unrestricted sales territories 

Own you own successful 
ffi Tri-Steel Distributorship! 
y Call today for more inform- 
зза 
Donon. Tousa 
КЗ 


Start your own business or build 
your own beautiful home, or both— 
with Tri-Steel. 

INTRODUCING: Several distinctly 
different investment opportunities, 
beginning at only $2,950.00 ! 

Whether you are an eager beginner 
or a seasoned professional builder— 
Tri-Steel has a program for you. 


Our steel frame homes offer: 
* Super energy efficiency (R-30) 
* Hundreds of popular designs 
* Fast, simple construction 
* Low exterior maintenance 
* Clearspan interior flexibility 


ation: 1-800-433-5553 or 
1-800-433-5555. In Texas 
call 1-800-772-5909. 
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SEND A MESSAGE 
TO THE FUTURE 


(For less than 9 cents a month your letter will be 
escrowed until year 2000) 


How many people would enjoy receiving a TIME LETTER you mailed 
today yet they receive it in the YEAR 2000? Think of the pleasure you would 
have sending such a legacy. Just to name a few, your legacy could be sent 
to an unborn child of today, a toddler, a grandchild, a parent, a student, a 
teacher, even to a graduating class of 2000, or maybe to a good friend. 


Here’s How It Works: 

VITAL RECORDS STORAGE INC. (VRS) of Emporia, Kansas is a fiduciary firm whose business is 
leasing and maintaining vault storage space for the safekeeping of bulk files, records and important 
documents for others. VRS vaults are monitored for environmental conditions, and all vaults are 
equipped with the ultimate in non-destructive, gaseous fire control systems. 

VRS has agreed to act as escrow agent until your TIME LETTER is in the mail, January, Year 2000. 
Each individual TIME LETTER you send to VRS is to be sealed by you and addressed by you. All 
TIME LETTERS escrowed remain confidential and are safely locked within the vault of VRS until they 
are deposited in the U.S. mail in YEAR 2000. VRS will cover all forwarding and postal costs! 

How to Prepare Your Time Letter: 

The contents of your message to the future must weigh less than 2 ounces (average = 6 sheets of 
paper), and must be sealed by you in a standard mailing envelope no larger than 4 1/4 inches by 9 1/2 
inches. Clearly print or type the name and address upon the sealed envelope you wish it to be mailed 
to in the YEAR 2000. Also, print your own return address in the appropriate space. 

Payment must include $1.00 per letter, for each year your letters will be in escrow (thru 1999) plus 
$3.00 for each letter, handling and postage charges. 

If you have special needs, please write and let us help. 

All your TIME LETTERS and full payment by check or money order may be enclosed in one large 
mailing envelope or package, addressed to: 


VITAL RECORDS STORAGE OF EMPORIA, INC. 
DEPT. 87Р 
3111 WEST SIXTH AVENUE 
EMPORIA, KANSAS 66801 
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Our 
Wallbanger 
Guide 
can help any 
Tom, Dick or 
Harvey. 


It shows you how easy it is to shingle 
or shake over old paint and save a bundle 
doing it. So you don't have to worry about 
scraping, sanding or priming. Just follow 
the cost-saving, labor-saving directions 
and give your home a beautiful cedar face- 
lift in no time flat. 


Г Please send me the Cedar Wallbanger Pocket 
Guide for instaling red cedar shingles or shakes | 
on sidewalls, $1.00 
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Includes 2 complete units: High Quality 
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‘Tripledge Lifetime Wipers. They snap on in 
seconds. Custom fit virtually every U.S. and 
import car, van or truck 
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pair of Tripledge 2 pt $2390 Save$2.00 


Sealy mata, 


$255 


CALL TOLL-FREE! 
1-800-847-0653 


PA residents call 1-215-638-8008 or 
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Bensalem, PA 19020 
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Frozen tools continued 


Still, neither a reduction of retained 
austenite nor more carbide particles 
could have anything to do with the im- 
provements claimed for copper elec- 
trodes—or golf balls. “I’ve got to 
believe something else is happening,” 
said Marschall. That something else 
may have to do with altering internal 
stresses in the materials. 

Internal stresses are present in all 
metals, and are sometimes beneficial 
and sometimes damaging. Fractures 
and failures can start at areas of high 
stress concentration. One cause of 
stresses: Adjacent regions of a metal 
may not respond identically to tem- 
perature changes or other external 
forces. Thus mechanical and thermal 
treatments are used to alter stresses. 

How could freezing alter the stresses? 
“Perhaps it’s as simple as differential 
thermal expansion,” Marschall offered. 
“Three popular brands of copper elec- 
trodes I've investigated have had hard 
particles dispersed in the copper,” he 
related. “Those particles have a much 
lower thermal-expansion coefficient 
than the copper. As the temperature 
drops, the copper contracts more than 
the particles and pinches in on them, 
developing a tensile stress in the 
copper at the junctures. 

“If that tensile stress gets high 
enough, it can actually cause plastic 
deformation,” he continued. The crys- 
tals will deform. “That can give rise 
to a residual stress when you take the 
metal back to room temperature; or 
if there was a stress present originally, 
it will change that stress.” A similar 
phenomenon could occur in cemented 
carbides and in other metals. 


Cold relief 


Theoretically, the cold could either 
relieve or intensify stresses. “My obser- 
vations have always indicated stress 
relief,” Levine stated. 

Those observations are based on 
quite a different application of cryo- 
genic processing: It is frequently used 
to stabilize the dimensions of metals. 
Tom Willis, the motorcycle racer, had 
Amcry Corp. freeze his bike engines 
to stabilize the dimensions of the 
forged-aluminum pistons. Now he 
runs them at much closer tolerances 
than the manufacturer specifies. The 
pistons do not seize. 

The standard procedure for promot- 
ing dimensional stability, though, is 
to cycle the metal repeatedly from hot 
to cold. For some applications the floor 
temperature is more moderate, but for 
others, specifications call for a chill 
to —320 degrees—or even lower. 
Aluminum and beryllium for aero- 
space uses are often thermally cycled. 
Applied Cryogenics treats aluminum 
that is used to make mirrors for space 


and weaponry. (The company cycles it 
down to —411 degrees F using liq- 
uid neon.) “With aluminum alloys, 
phase transformations, resulting in 
the precipitation of elements or com- 
pounds, can take place,” Christ noted, 
which could be one reason aluminum 
is stabilized after treatment. 

Stress relief probably plays a part 
as well. “The more stresses in a ma- 
terial, the more it will distort when 
you remove some from the surface,” 
Levine explained. “After the freezing, 
no distortions occur when the mirror 
is ground and polished, indicating that 
you end up with a very relaxed metal 
after freezing.” 


Frozen notes 


In some cases at least, you also end 
up with a more ductile metal after 
freezing, Levine maintains. 

On my office shelf is a half-finished 
silver flute he sent to me. The flute 
maker was having trouble drawing the 
silver into the stubby “chimneys” for 
the tone holes. So he formed some 
chimneys, had the flute frozen, then 
formed some more. 

The difference is dramatic. Most of 
the “before” chimneys have small frac- 
tures around their rims that tend to 
run about halfway down. Many of the 
“after” chimneys have no cracks at all, 
and the cracks that did appear are sig- 
nificantly smaller. 

“I think that's incredible,” said Le- 
vine. “Everybody ‘knows’ you increase 
a metal’s brittleness by chilling it, but 
here the chilling made it more duc- 
tile.” Levine is convinced that stress 
relief accounts for that. 

What about golf balls—and panty 
hose? 

“Plastics are not amorphous sub- 
stances,” he pointed out. “They are 
long-chain molecules that have some 
order to them. It is likely we are in- 
ducing some kind of transformation 
in the arrangement of molecules by 
refrigeration.” 

The proof? “There are mostly un- 
answered questions,” Levine acknowl- 
edged, “and for years no one has even 
posed them.” Marschall hopes to find 
some answers, but first he must gar- 
ner enough sponsors to launch his 
study. 

The importance may be more than 
academic. A recent analysis by the 
Massachusetts Institute of Technology 
(Cambridge, Mass.) concluded that six 
percent of the gross national product 
is lost to wear. “Think what it would 
mean if we could reduce that to three 
percent,” said Levine, his voice rising. 
“We could revitalize the flagging 
industrial economy of the United 
States!” He meant it as hyperbole, but 
maybe he has a point. us 
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Eaglestone's pocket size, cordless, 
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The world's biggest machine | continued from page 601 


answered. We knew the energy do- 
main we would have to leap to if we 
were to escape the limits of this model 
in its explanation of the fundamental 
physical entities—if indeed there are 
such things—and the forces that gov- 
ern them.” 


Supercooled magnets 


In 1978, Tigner continued, there was 
an international meeting of physicists 
at Fermilab, and the next year in Ge- 
neva, at which a number of possibili- 
ties for the distant future were dis- 
cussed, among them a 40-TeV proton 
collider. “At that time,” Tigner said, 
“we knew that we would have to use 
superconducting-magnet technology to 
achieve the desired energy.” 

A superconducting magnet is one 
whose coils are wound with a super- 
conductor—a material that loses all 
resistance to the flow of electric cur- 
rent when cooled sufficiently, gener- 
ally to temperatures close to absolute 
zero. The magnets used in all accel- 
erators but one use ordinary copper 
windings, whose resistance generates 
great quantities of heat, which must 
be conducted away by water. They also 
consume gigantic amounts of electri- 
cal power. Fermilab’s 400-GeV ma- 
chine incurred $14 million in electric- 
ity costs in just 26 weeks in 1982. 

Even more crucial, the field strength 
of the magnets—and thus the energy 
level of the accelerator—is limited in 
conventional magnets to about two 
Tesla. In superconducting magnets 
using the best superconductor (for this 
purpose) available—niobium-titanium 
—the field has an upper limit of 15 
Tesla. The worth of such supermag- 
nets has been abundantly proved since 
1983 in the main ring of Fermilab's 
Tevatron—the world's only accelera- 
tor using superconducting magnets. 
The Tevatron uses 150,000 pounds of 
niobium-titanium. 

The SSC, with its 10,000 magnets, 
will use much more of this material, 
which was once considered fairly ex- 
otic. I asked Tigner whether any of 
the newly discovered, even more ex- 
otic high-temperature superconductors 
now causing a great stir (see "Science 
Newsfront,” this issue) might have any 
influence on the final design and cost 
of the SSC. 

"We're following this development 
with great interest," Tigner said. "If 
it should turn out to be useful, we 
would adopt it so fast you'd think we 
invented it. But that seems very iffy, 
mainly because there is no evidence 
now that these materials could carry 
a sufficiently great current density in 
the presence of high magnetic fields. 
The currents carried are a hundred 
to a thousand times smaller than in 


present superconductors such as nio- 
bium-titanium. 

“Furthermore, these materials are 
ceramics. We'd have to find ways to 
form them into the very fine filaments 
necessary in a superconducting mag- 
net. And there are other technical 
problems. 

“But suppose your fairy godmother 
handed you this stuff today with all 
the problems resolved. What kind of 
impact would it have on the SSC? 
Probably not much. Being able to op- 
erate at a somewhat higher tempera- 
ture, say thirty degrees Kelvin instead 
of four degrees Kelvin, would just not 
save that much in refrigeration cost." 


Finding a home 


In 1983, with the necessary super- 
conducting-magnet technology suc- 
cessfully demonstrated, an SSC group 
was invited to headquarter at Law- 
rence Berkeley Laboratory. “Before 
that,” Tigner said, “it had been almost 
like organizing a pickup softball 
game—pretty spontaneous." As a re- 
sult of a study conducted in 1984, the 
DOE gave a contract to the Universi- 
ties Research Association, a consor- 
tium of 56 research universities, to 
carry out a detailed design-and-cost 
study and form a special organization 
to do the job—the Central Design 
Group. “We'll probably stay at Berke- 
ley," Tigner said, “until we move on- 
site in 1989." 

Finally, I asked him about the crit- 
icisms of some scientists that the SSC 
will divert money and talent away 
from equally or more important re- 
search. One such critic is the radio as- 
tronomer and physicist, Arno Penzias, 
a Nobel laureate. “The Super Colli- 
der's capital cost,” he has written, 
“will clearly squeeze capital expendi- 
tures for other sciences.” 

Here is Tigner's response: “None of 
us for one moment would want to 
press on with this great wave of dis- 
covery in particle physics if it were to 
come out of the hides of other scien- 
tists. We may be parochial in certain 
respects, but we have a deep respect 
for science as an entity; to make a 
huge advance in one part of it at the 
expense of others would be a bad mis- 
take. We are very happy to see that 
the SSC is viewed in the administra- 
tion as going forward in the context 
of a big increase in the other sciences 
—for example, the National Science 
Foundation budget is targeted for dou- 
bling in the next five years. We are 
very anxious that other scientific areas 
that are ripe for progress should be 
supported. 

“If our country and culture fail to 
make such investments, then we are 
doomed to decay.” us 


Techno-tractors 
[Continued from page 87] 


Plowing the rocky ground was easy 
with 4WD, and the RT5000's 11-hp 
340-cc gasoline engine hardly strained. 
At the end of the furrow, I got a good 
feel for the tractor's 4WS. As I turned 
the steering wheel, the front tires an- 
gled as expected but the rear tires 
crabbed slightly in the same direction. 
As I continued to rotate the wheel, the 
rear tires turned in the opposite di- 
rection from the front (see photo). Re- 
sult: a tight, quick turnabout. 

Why bother with 4WS? According 
to Chuck Lebo, assistant manager of 
field service operations at Honda, 
*One of the prime reasons for four- 
wheel steering is that we can get a 
much-tighter-than-normal turning ra- 
dius out of a decent-size tractor— 
without scuffing turf with the rear 
tires. And obviously, with four-wheel 
drive that scuffing would be compound- 
ed if we couldn't turn it effectively" 

The all-mechanical 4WS in Honda's 
$4,980 tractor resembles the compa- 
ny's automotive system, except it has 
one steering box instead of two. Ku- 
bota, on the other hand, uses elec- 
tronically controlled hydraulics. 

Kubota considers its large PX-2100 
tractor a technology test bed. Instead 
of a steering wheel, the driver uses 
a double-handled yoke with bicycle 
grips. The tractor can be operated con- 
ventionally, or it can be controlled 
through a remote-control unit. The 
only functions that can't be controlled 
remotely: engine and throttle. 

Even more unusual, three steering 
modes can be selected: front-wheel 
steering (turning radius: 9.5 feet), 
4WS (front and rear wheels turn in 
opposite directions for 6.2-foot radius), 
or crab steering (all wheels turn in the 
same direction). All steering is micro- 
processor-controlled through poten- 
tiometers and hydraulic valve gates. 

In fact, all of the tractor's operations 
are monitored by an on-board com- 
puter reading data from a variety of 
sensors. If oil pressure drops or the 
water-cooled 20-hp diesel engine over- 
heats, for example, the computer shuts 
the tractor down. And interference 
from another transmitter also will 
trigger a shutdown. 

I ran the PX-2100 back and forth 
across Kubota Tractor Corp.'s lawn in 
Compton, Calif., using the remote con- 
troller. The tractor reacted quickly and 
precisely to every command. With a 
few minutes’ practice, I was able to 
have the machine do exactly what I 
wanted it to do. The transmitter's 
range is about 300 feet. 

Retail price for the PX-2100 is about 
$22,000. Kubota expects to sell it for 
such professional mowing applications 
as highway medians, steeply sloped 
public lands, and parks. 05 
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Smart circuits (Continued from page 741 


tion. Door assemblies, for example, 
can be tested separately from the car 
on which they end up by plugging au- 
tomatic testing equipment into the 
multiplexing link before the door 
reaches the assembly line. Another 
goal is simplifying diagnostics: With 
all of the car’s computers on a single 
communications link, a diagnostic 
computer can easily tap into the cir- 
cuit and read the health of each com- 
ponent on the line. 

But the current generation of multi- 
plexing is only the beginning. “On the 


horizon are electronically controlled 
transmissions, electrically assisted 
steering, electronic throttle control, 
and even active suspension systems,” 
says Chrysler electronics engineer 
Dennis E. Florence. “Alone, these sys- 
tems are complex. To maintain qual- 
ity levels at reasonable cost, they will 
have to be integrated into the vehicle 
rather than remain independent. 

“Moreover,” adds Florence, “as wir- 
ing systems continue to get more com- 
plex, multiplexing is rapidly becoming 
mandatory.” 
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NordicTrack is More Complete 
Than an Exercise Bike 
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One piece of technology anxiously 
awaited is a so-called “smart motor” 
that incorporates enough computer in- 
telligence to respond directly to infor- 
mation on a multiplexed network. 
Such a motor would be part of a so- 
called “fly-by-wire” approach to a sys- 
tem like steering, where computer 
commands directly control mechani- 
cal power. 

High-speed multiplexing also means 
new communications systems would 
have to be developed. The single or 
twisted-pair wiring currently in vogue 
acts something like a radio antenna 
at high transmission speeds, scram- 
bling on-board computers with un- 
wanted radio interference. For this 
reason, fiber optics is being considered 
by auto makers, and a fiber-optic seat 
control has already been tried by Nis- 
san Motor Co., although current fiber- 
optic technology is considered too ex- 
pensive for routine use on cars. 


Overloaded camel? 


Envisioning these more-complex 
technologies brings to mind an over- 
loaded camel brought to its knees by 
the addition of one last bundle of rugs. 
The interaction of future high-speed 
electronics systems within the basic 
framework of today’s mechanical-engi- 
neering concepts has already led GM 
to propose a different approach to car 
development. 

Naming its approach Project Trilby, 
GM has set up a combined engineer- 
ing group staffed by both traditional 
auto engineers and new recruits from 
Hughes Aircraft Co., now a GM sub- 
sidiary. Project Trilby is an effort at 
designing a car from the point of view 
of an electronic system, or as one de- 
scription puts it: “What if we had com- 
puters before we designed the first 
car? What would we do then?” 

Though the specifics of Project Trilby 
have not been discussed publicly, bits 
and pieces have emerged. The steer- 
ing wheel on a new Pontiac show car, 
for example, does without the tradi- 
tional steering shaft, one of the prin- 
cipal safety hazards to the driver in a 
front-end collision. Instead, it uses a 
two-handle bar that is connected to a 
simple rheostat. On-board computers 
deduce steering input and send sig- 
nals to electric steering controls at 
both front and rear wheels. 

A “Trilby question”: If there is no 
need to worry about a steering shaft, 
is an angled wheel in front of the 
driver the best steering device? Or by 
extension: If the driver’s controls can 
be easily located anywhere, where 
should they be? 

Smart power, it seems, is already 
asking more questions than it is able 
to answer. Gs 


Microchip ignition 
for yard machines 


It used to be easy. I’d reach down and 
pull the rope, and my lawn mower 
would roar to life. But that roar re- 
cently became a snarl: Despite a new 
plug and oil change, my faithful lawn 
companion needed lots of coaxing to 
get started. The problem: A worn and 
pitted breaker-point ignition. The so- 
lution: A microchip ignition system 
—which is about the size of a postage 
stamp (see photo above)—that elec- 
tronically replaces the points and 
capacitor. 

Made by Power Lawnmower Parts 
(Box 60860, Rochester, N.Y. 14606- 
0860), the tiny Power-Start module in- 
stalls in about 30 minutes. To do it, 
you cut the coil’s primary and switch 
wires, and connect them to one of the 
module’s leads (see drawing below). 
Once the job was done, I pulled the 
rope once again and checked the ig- 
nition. I saw the fattest, bluest spark 
Td ever seen from that engine. 

The Power-Start works on all small 
engines—from lawn mowers to chain 
saws—but it’s not recommended for 
engines already equipped with an elec- 
tronic ignition. Prices are from $13 to 
$15, depending on the engine model. 
—E. F Lindsley 


$28.00 Woodworker's 
Package For Only 


5! 


As an introductory promotion, a leading mail order company is offering $28.00 of their 
most popular woodworking items at an amazing price of $9.95. The complete package in- 
cludes 25 full size shaker pegs, 25 mini-shaker pegs, 25 mug rack pegs, and 25 tie rack 

из a detailed full size unique horse design shaker peg plan, a full size plan for a 
beautiful tie rack, and a full size plan for a useful mug rack. 

is sone would be a tremendous ==» ==» ==» ==» =» «m == =e =e es — — 
value. But уои'!! also receive full size pat- 
terns for 10 great items—a hai Xu 1528.00 worth of 
holders, note pad holder, napkin holder, | woodworking items 
muffin server, doughnut holder, pretzel Ё for only $9.95! 
holder, cleanser holder, knife rack, towel I Name. 
bar, and spice shelf. Plus: full size plans 

cars with their own garage. l Address. 

You'll also receive a woodworking cba 
loaded with page after page of discount || City. 

tools, tools, wood parts, wood , Quantity _ Price Ea. 
fasteners, sanding supplies, wood 
finishes and much, much more. You may Trend-Lines, Inc. 
oreet up to 189 of those 3000 wona ү; 1 TOTAN Ala ЗІ 375 Beacham St., 
worker's packages for $9.95 each. In- 
clude only $2.95 shipping and handling | A residents эда 50 eack order КО МА 


кезе. 
regardless of how тапу you order. |" юын, 0010 PS67 


BANKS 
TURBO POWER 
Flattens Out Those Hills 


BANKS DIESEL TURBO SYSTEMS 
LÀ 


FREE CATALOG! 


State — Zip 


TOTAL 
Mail to: 


The Easiest & 
Oil Change... CA 


do it with the 
touch of a finger! 


OPEN 


E 
A 4078763 


Engine Oil Drain Valve 


New Way То Make Quick, Clean ОН 
Changes. 


CLOSED 


You escape the expense of service station 
oil changes and keep your hands clean 
with this new Engine Ой Drain Valve. No 


more hot, dirty oil on your hands and clothes. 
Just a touch of your finger is all you need 
to drain your car's oil. No tool required. 
Enjoy the easiest oil changes possible for 
only $14.95. Money back guarantee. 
Send check or money order to: 
TOHMON, INC., 1815 W. 205th St. #105 
Torrance, CA 90501, Phone (213) 212-6937 
|` Te TOHMON, ING. 1815 W. 205th St. #105 7 ^ ^ — 
Torrance, CA 90501, Phone (213) 212-6937 
Please send Engine Ой Drain Valve(s) at $14.95 


me. | 
each plus $1.00 each for shipping and handling. California. 
residents add appropriate sales tax. My check or money order 


enclosed : 
Mycarisa (year) (make) (model) | 
with a (engine эге) engine. : 
Name. ' 
Address 
су State 2р ' 


FORD 6.9L TURBO 

GM 6.2L TURBO ALSO AVAILABLE 

* EMISSIONS LEGAL IN ALL 50 STATES 
* UP TO 50% MORE HORSEPOWER 

* EXCELLENT HIGH ALTITUDE POWER 
* DEALERS NATIONWIDE 

* YOUR POWER SOURCE "SINCE 1958" 


ЛАПИН. 


Gale Banks Engineering 
546 Duggan Avenue, Dept. 651 
Azusa, Ca. 91702 (818) 969-9605 


© 1987 GALE BANKS ENGINEERING 
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Taking Care of Your Car 


By STEVE MERCALDO 


INAL 


Save on this loaded, discontinued model 
built by AT&T. ..whose legendary tradition 
of excellence and top performance has 
brought you the very latest in tele- 
communications technology! 


* LCD for Time, Date, Feature Code. 

* Auto Dialer/16-Number Memory. 

* Speaker for Hands-Free Dialing, plus 
Group Listening with Handset Lifted. 

* Last Number Redial Capability. 

* Simplified Programming Steps. 


© For TouchTone® Dialing Systems. 

Can Access Long Distance Services. 

* Can Disconnect Calls Without Handset. 

ully Modular. Ring Volume Control. 

* Hearing Aid Compatible. 

e 5" Hx PA" Wx 8%" D. FCC Registered. 
90-Day Limited С.О.М.В. Warranty on Parts/ 
Labor. This C.O.M.B. warranty supersedes all 
other limited warranties on this product in- 
cluding those by the original manufacturer. 


Mfr. Sug. Retail .... 5295.00 
Priced 


u 979 


Brown: Item H-2546-7050-081 S/H: $5.00 e; 
White: Item H-2546-7050-164 S/H: $5.00 ea. 


Ega 


Credit card members can order by 
phone, 24 hours a day, 7 days a week. 


Toll-Free: 1-800-328-0609 
Sales outside the 48 contiguous states are subject to 
specia conditions. Please call or write to inquire. 
SEND TO: Мет H-2546 
C.O.M.B. Direct Marketing Corp. 
1405 Xenium Lane N/Minneapolis, MN 55441-4494 
Send the following AT-& T Telephone(s) at $79 each. plus 
$5 each for ship, handling. (Minnesota residents add 6% 
sales tax. Sorry, no C.O.D. orders) 
— Brown Item H-2546-7050-081 
— White Item H-2546-7050-164 
© My check or money order is enclosed. (No delays in 
processing orders paid by check) 
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PLEASE PRINT CLEARLY 

Name 

Address 
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FACTORY DIPSTICK HOLE PLUG 


TRANSMISSION OIL PAN 


| 


|р 
SO 
© 


Mystery plug 


If you're a careful car owner, you may 
eventually find yourself changing au- 
tomatic transmission fluid (ATF). Dur- 
ing an ATF change, some conscientious 
mechanics have been puzzled—and 
possibly upset—by a small important- 
looking component lying loose in the 
bottom of the transmission pan. But 


if you find one of these man-made 
mushrooms with an O-ring, don't be 
concerned. It’s simply a safety plug 
used to keep foreign matter out of the 
transmission during manufacture. Dur- 
ing the installation of the dipstick 
tube, the plug is simply pushed down 
into the transmission body. 


FORWARD SIDE 


INTAKE 


SECONDARY 


POWER-BRAKE UNIT 
DIAPHRAGM, 


ail 


MASTER CYLINDER 
FLUID LEVEL 


7 VACUUM HOSE TO INTAKE 
MANIFOLD 


HYDRAULIC 
PUSH ROD 


Carburetor clues 


Most V8 intake manifolds are designed 
so that opposite bores in the carbu- 
retor feed alternate cylinders in the 
firing order. For example, when the 
firing order is 1-8-4-3-6-5-7-2, the left 
bore feeds cylinders 1-7-4-6; the right 
bore feeds 8-3-5-2. This information 
can be handy when you're trouble- 
shooting carburetor gremlins. 


Disappearing brake fluid 


Is brake fluid vanishing from your 
car’s master-cylinder reservoir but you 
have no leaks in the car or traces on 
the driveway? Are gray-white clouds 
of smoke spewing out of the tailpipe 
during hard stops or sharp turns? A 
master-cylinder seal has probably giv- 
en up and is allowing fluid to be sucked 
into the engine and burned. 


State ——— ZIP 
Phone) 
Got a useful car tip? Send it (with Social Security No.) to Car 


Sign Here | Саге, Роғшая Science, 380 Madison Ave., New York, N.Y. 
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POWER-STEERING 
PUMP 


Steering stutter 


If your vehicle’s power steering stut- 
ters (alternately losing and gaining 
power) as you negotiate a turn, check 
for a loose or worn V-belt. The erratic 
performance of the steering is caused 
by the intermittent loss and resump- 
tion of hydraulic assistance from the 
system's belt-driven pump. 


Fan fare 


If an engine is obviously overheating 
and the electric radiator fan is not 


spinning, check the connection at the | 
radiator's thermostatic fan switch. If | 


the fan operates when you jiggle the 
connector, the connector or switch ter- 
minals are loose or corroded. After the 
engine has cooled down sufficiently, 
make the simple repair. 


Train 
FAST 


at Home! 


If you enjoy fixing things, you're a "natural" 

to make hundreds of EXTRA DOLLARS a 
year in the fascinating business of Lock- 
smithing. Rising crime has increased de- 
mand for service a thousandfold. Yet there's 
only one Locksmith for every 17,000 people! 
COLLECT CASH PROFITS ALMOST AT ONCE! 
You're "in business” ready to make $10 to $26.00 
an hour a few days after you begin Foley- 


Belsaws shortcut training. Easy illustrated les- 
sons complete with ALL practice equipment 
PLUS 


C 


@ ALL TOOLS YOURS TO KEEP 

EY MACHINE YOURS TO KEEP 
PERT PERSONAL ASSISTANCE 

IUSINESS-BUILDING HELP 


THIS DO-ALL PRO 


KEY MACHINE YOURS 
TO КЕЕ KEEP! 


"Can add $50 
to $100 a week 
to your in- 


you a penny 


extra! 


i 
badly һап! 
та 
"e à Locksmith, thanks to 
your training. Besides. 
work is. 
do it anybody can. 


Glen Johnson, Larned, Kan. 


a Rush FREE book, “Keys to your Future.’ 


Я | City. 


This VET Did It - and YOU 


njuries left me 
ndicapped, but 
financial success 


“War 


the 
fascinating, If 1 can 


Make Up to $26.00 an Hour — even while learning! 


BeaLOCKSMITH 


enable you to get your share of this always- 
profitable business. Hundreds we've trained 
are doing it. So can YOU. 

MAIL COUPON to discover how Locksmith- 
ing can keep the extra money coming in dur- 
ing spare time — ог in your own full-time 
business. Ideal for retirement—good jobs, too. 


FOLEY-BELSAW INSTITUTE 


6301 Equitable Rd., Dept e 
Kansas City, Mo. 641 


week extra,” 


R. Davis, St. Louis, Mo.— 
Saturday." 


Ed Boyle, Pittsburgh, Pa 
at Күт ТТТ speed. I'm moving to bigger quarters," 


NO SALESMAN WILL CALL 


e» 


MAIL | MAILTHIS COUPON • NO SALESMAN WILL CALL | COUPON 
IUITABLE RI 
KANSAS CITY, MO. 


Name. 


Address. 


N. Hunt, Wilmington, ae -"| make $50 a 
“1 cleared $110 last 


y business going 


State. Zip. 


WATER WELLS 


"Easy rm You can 


for home, 


С Homeowner model 


Call or Write 
for FREE Brochures 


5238 Anderson Road 
Opelika, Alabama 36802 


CALL TOLL FREE 


1-800-633-8774 


(Ask for Operator 5238) 


wells for less than $1 
| per foot with our easy- 
to-use drills. 


5 low-price models 


FOR EVERYONE! 


drill water 
Since 


1962 


farm, and 


commercial use. 


Check one or both boxes for information 
‘and mail today! 


C Commercial model 


| 
a 


Print Name 


Address 


City/State/Zip 


Phone 
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Pro tips for 


r epair ing exteri lor masonry 


Clean vertical cracks in concrete or 
cinder-block foundations (1) with cold 
chisel and brush to remove loose mate- 
rial. Moisten exposed area, then cover 


lowest segment with strip of ducting 
tape and tape a funnel at the top. Pre- 
pare thin mix of patching material in 
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unrepaired, 


deterioration. 


damaged area.” 


bucket and Dr ТО, cack. Don’t try 
to repair more than three ft. of crack 
at one time. Remove tape when patch 
sets (inset). Use putty knife or old 
screwdriver to scrape loose fragments 
out from between fieldstones or bricks 
(2). Fine cracks up to % in. wide can 


Cracks in concrete and mortar require prep- 
aration before patching. But concrete won't 
Stick to concrete. You need the right repair 
materials to make the fix a lasting one. 


come to mind when homeowners contemplate work- 
ing on their houses; available cash is more likely 
to be invested in interior decorating and remodeling. But 
the stresses of successive winters leave many homes with 
unsightly cracks in foundations, steps, and driveways that 
only get worse—and far more expensive to fix—when left 


M asonry repairs aren't usually the first projects that 


Cracked masonry should be repaired promptly, especially 
in regions where winters are severe. Even a small crack 
allows moisture to penetrate the concrete, where subse- 
quent cycles of freezing and thawing soon cause further 


The effective cure for cracked masonry, however, isn't the 
obvious one. “Slapping concrete into a hole won't solve your 
problem," warns Murray Steinberg, research chemist at 
Red Devil in Union, N.J. “Concrete surfaces can't be re- 
paired with concrete because the coarse gravel elements in 
the new mix prevent bonding between the patch and the 


Cracks in concrete or cinder-block foundations, Steinberg 
advises, should be quickly repaired with a commercial 
patching material that is specially formulated to form a 
strong bond with concrete. Fine cracks in steps, driveways, 
or garage floors can be filled with cartridge-packaged, ready- 
mixed repair material that is dispensed from a standard 
caulking gun. If rock salt and ice have loosened the founda- 
tions of wrought-iron railings, anchor cement is available 
that sets rock hard in just 15 minutes.—Stuart F. Brown 


be filled with ready-mixed concrete and 
mortar repair material from cartridge 
gun. Putty knife removes debris around 
iron railing (3); use it to apply anchor 
cement, too. After applying a patch, 
smooth with sponge (4). When it has set, 
smooth further with coarse abrasive. 


Fleas Gone or 
Your Money Back! 


MicroTech® 2 Flea Collar is 
a smaller, more powerful 
version of the original flea 
collar that has solved the 
flea problems of more than 
400,000 pets. Try one 
FREE for 30 days. 

Biting fleas can make life miserable for 
pets and pet owners. Chemical flea collars, 
poisonous sprays and shampoos often secin 
to have little effect and can be irritating to 
pets and owners alike. The MicroTech Flea 
Collar eliminates fleas from your dog or 
cat safely — and keeps them free of 
endless scratching caused by this common 
insect scourge. 


Patented Circuitry 

At the heart of this new breakthrough are 
specially engineered electronics called 
Pulsed, Modulated Burst Circuit - PMBC™ for 
short. It's so unique, it's patented. High fre- 
quency compressional waves, above human 
and pet hearing range, attack the sensory 
system of fleas. The pests are driven from 
your cat or dog and will not return while you 
Continue to use MicroTech. 


Veterinarian Tested and Safe 

In hundreds of tests, including evaluations 
by veterinarians, MicroTech repelled fleas 
and ticks from both dogs and cats, short- 
haired and long. Results were frequently 
dramatic and consistent. Even heavy infesta- 
tions showed significant improvement when 
MicroTech was used. 


From a Veterinarian Report 
on MicroTech 
“MicroTech bas demonstrated its effec- 


tiveness in significantly reducing, or 
totally eliminating fleas from pets.” 
RPK, DVM 


MicroTech is safe. In over one year of test- 
ing, no adverse reactions were reported; 
and, because MicroTech is electronic, it 
won't aggravate allergies or poison owners, 
children or pets who are sensitive to chemical 
sprays and shampoos. MicroTech is the first 
effective non-chemical treatment for fleas 
and ticks. 

No matter where you live in the U.S., put 
MicroTech 2 to work on your pet. Residents 
in southern states will find MicroTech wel- 
come relief from fleas and ticks that are 
present almost year ‘round. If you live in the 
suburbs and rural areas with their greater 
insect population, you and your pet will 
welcome the ecologically safe repelling power 
of MicroTech. 


Tbe Best Part May Be the Price 


The very first hand-built MicroTech units 
were very expensive. But, like calculators, 
VCR's and other electronic equipment, the 
cost of production has dropped. Now, safe 
flea and tick control is within reach of 
everyone. MicroTech 2 is just $49.95 (plus 


What Satisfied Users Say: 


“We tell everyone we can about your product 
— our vet was impressed too! It’s so nice not 
to bave fleas in the house since our cat 
doesn't bring them in! 
— A.W., Pt Arthur, TX 
"We now bave two contented beagles, each 
with one of your collars. The flea and tick 
problem at our house is nonexistent.” 
— GR., Key West, FL 
“Last year our beloved Irish Setter, Kerry was 
so flea prone, even with all the veterinary 
help offered allergy pills, etc., she bad to wear 
a buge Elizabethan collar around the clock 
to keep ber from ripping out her fur. The flea 
situation with Kerry was hopeless. NO MORE 
— she is never without her collar, and not 
а trace of fleas...Thanks from Kerry, and 
from us. 


— PB., Knoxville, TN 


MicroTecb's Flea Collar is а 
veterinarian-tested, effective way 
to control fleas on your dog or cat 
without using poisonous sprays 
or chemical collars. 


$3.50 shipping & handling). It comes com- 
plete with a durable, adjustable nylon collar, 
and long-life Duracell lithium batteries & a 
1-year limited warranty. (Battery life is 
approx. 6-8 months, running 24 hrs. a day.) 


Try One For 30 Days 
At No Risk 

Puta MicroTech 2 on your pet for 30 days. 
If you are not satisfied with the reduction in 
fleas, return it for a full refund. You're pro- 
tected by the manufacturer's strong one-year 
limited warranty as well as our 30-day money 
back guarantee. 


TO ORDER: Send your check or money 
order for $49.95 (plus $3.50 shipping and 
handling) to Vanguard at our address below. 
Credit card holders can speed delivery by 
using our toll free Orderline. Specify dog 
or cat model. 


CALL TOLL FREE 


1-800-634-5463 


In Iowa 1-800-542-7981 
Mon.-Fri., 8 am - 9 pm Eastern Time 
Win the endless war against fleas and 
ticks without poisonous chemicals. Order a 
MicroTech today and try it for a full month at 

no obligation. 


VANGUARD 


ИШ MAIL ORDER ШШШ 
Dept. BI 
1103 Foxworth Ct. Ballwin, MO 63011 

©1987 Vanguard Mail Order 
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SELF-PROPELLED 
SINGER VACUUM 


Powerful 2-Speed Motor, 
with Twin Turbo Fans. 

e Powergroom Beater Bar 
Agitates Out Deeply Em- 
bedded Dirt. 

* Automatic Carpet Height 
Adjustment. 

e Full-Width Edge Cleaner 
Gets Dirt from Hard-to- 
Reach Places. 

* Dual Headlights Provide 
High Visibility. 

* Wrap-Around Vinyl 
Bumper Protects Furniture. 

* Extra Long 25' Power Cord 
with Quick Release. 

® Uses Top-Mount Dispos- 
able Bags...No Messy 
Bags to Empty! 


Self-Propelled for Easy Cleaning! You 
deserve the practical luxury of a self- 
propelled vacuum! This full-featured Singer 
practically vacuums by itself. Moves for- 
ward or back with just a touch of your 
finger. Simple? Of course! And powertul 
too! A heavy-duty motor provides efficient, 
dependable, deep cleaning power on 
carpets and floors throughout your home. 


Compare At 


Liquidation 
Priced At 


Credit card members can order by 
phone, 24 hours a day, 7 days a week. 
Toll-Free: 1-800-32 
Sales outside the 48 contiguous states are subject to 
special conditions. Please сай or write to inquire. 


C.O.M.B. Direct Marketing Corp. 

1405 Xenium Lane N/Minneapolis, MN 55441-4494 

Send... Singer Vacuum(s) Item H-2453-7120- 108 at $159 

each, plus $8 each for ship, handling. (Minnesota residents 

add 6% sales tax. Sorry, no C.O.D. orders.) 

О My check or money order is enclosed. (No delays in 
processing orders paid by check) 
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Address 
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Molecular memory [Continued from page 63) 


ories to shame, storing 1,000 gigabytes 
of data, or the equivalent of two mil- 
lion disks, in an area the size of a sin- 
gle diskette. Although conventional 
laser-disc optical recording provides a 
hundredfold improvement over mag- 
netic storage capacities [May '85], this 
capacity is finite, limited by the ap- 
proximately one-micron size of a laser 
spot, which normally holds one bit of 
data. (In computer storage, one byte 
generally contains eight bits.) 

This spot size has been decreased 
experimentally by one-fourth [“Elec- 
tronics Newsfront,” Oct. '86], but IBM's 
new storage technology could store 
1,000 bits in the one-micron spot. Re- 
searchers are achieving this by tap- 
ping the storage capability of individ- 
ual molecules within that laser spot. 
It is a technology that requires exotic 
materials and supercold temperatures. 
But its implications for data storage 
are staggering. Here's how it works. 


Imperfect crystals 


If you had an absolutely perfect 
crystal and filled it with absorbers of 
light (molecules, ions, atoms) at tem- 
peratures approaching absolute zero, 
they would all absorb light at an iden- 
tical wavelength. The wavelength that 
a molecule absorbs depends on the fre- 
quency at which it is resonating when 
light hits it, which, in turn, is deter- 
mined by the molecule's surroundings. 
In a perfect crystal, those surround- 
ings are identical for every molecule, 
and they all resonate at the same fre- 
quency. But, according to Macfarlane, 
“In a real crystal or polymer, some 
local environments are different from 
others. When you grow a crystal, you 
lock in a certain amount of disorder, 
meaning strains and dislocations in 
the crystal lattice." The result: When 
the crystal is at liquid-helium temper- 
ature, the molecules resonate slightly 
differently and absorb light at slightly 
different wavelengths. The range of 
the absorption covers a continuous fre- 
quency spectrum (see first drawing). 

This range of laser frequency ab- 
sorption at a given spot is the key to 
the IBM research: It is the basis for 
recording the digital 1s and 0з com- 
puters use to store information. The 
researchers use materials whose mol- 
ecules can be changed, or “bleached,” 
when they absorb their signature light 
frequencies. This bleaching, which 
represents a digital 1, is actually a 
chemical reaction and changes the 
molecules' characteristic absorption. 
This leaves a dip, or spectral hole, in 
the absorption spectrum (drawings). 

Macfarlane and co-researcher W. E. 
Moerner made these bleachable ma- 
terials themselves. “We found that we 
could actually measure where a spec- 


tral hole had been made by scanning 
a laser across all the intermediary 
wavelengths," says Macfarlane. ^When 
we got to a wavelength where a hole 
had been made, the absorption was 
much smaller" But there was a major 
snag in the scheme. The laser used to 
burn a spectral hole, or 1, was the 
same one used to read, albeit at much 
lower intensity. “If you use the same 
laser for writing and reading, when 
you read you end up smearing out 
some holes," says Moerner. “What we 
had was destructive reading." 


Threshold burning 


The solution to the problem took 
several years to develop. “We decided 
to try to find materials that needed a 
combination of two lasers to bleach 
molecules but only one to read," says 
Moerner. This makes writing a thresh- 
old process—a two-step photoreaction 
involving two different colored light 
sources. One is finely tuned and se- 
lective, and the other a nonselective 
shot of energy. "These materials have 
only existed about a year and a half," 
says Moerner. “We now have about half 
a dozen of them, some of which are 
organic polymers." They are called 
photon-gated materials—the photon 
refers to the extra light source, and 
the gate is open for bleaching only 
when the second laser is on. 

One of the successful photon-gated 
materials consists of electron-rich 
samarium ions scattered in a barium- 
fluorochloride medium. Moerner ex- 
plains the process: “Before you burn 
anything there's a distribution of sa- 
marium ions that absorb at a certain 
red color. The ions have a lot of elec- 
trons buzzing around them, and using 
a narrow-band red laser you can se- 
lect out these ions. A green laser just 
acts as the gate, providing enough 
energy to whip an electron away. What 
that does is shift all the frequencies 
where this molecule can resonate, and 
its character is changed completely" 
Moerner says that in this particular 
material the bleaching technique is a 
photoionization process: The samar- 
ium ion loses an electron, which is 
whisked away to a trap (an electron- 
hungry molecule) elsewhere in the 
material. At low temperatures, the 
electron can't go back to the ion. 

"But if you go back with a third 
laser light—in this case blue—you 
can empty that trap and put the elec- 
tron back again. That's what makes 
this process reversible," says Moerner. 
The returned electron restores absorp- 
tion at the original frequency. 

The fundamental limits of this sys- 
tem are very far out. "By multiplex- 
ing in this frequency domain as well 
as in the spatial domain [spot to spot], 


you make something that’s just mon- 
strously big—a thousand gigabytes for 
example,” predicts Macfarlane. 

What would a frequency-domain op- 
tical storage system look like? Well, 
for one, it would not be a disc format 
because you don’t need to rotate the 
medium. Conventional optical and 
magnetic systems often have rotating 
media to get enough material beneath 
the read and write heads. But ulti- 
mately a disc format is limited by 
the time it takes for the disc to ro- 
tate. Macfarlane’s vision of the fre- 
quency-domain storage system differs 
radically from existing computer mem- 
ories: “Imagine there’s a big pool of 
liquid helium, and there are these 
squares coated with the photon-gated 
material inside. The read/write laser 
is actually outside the pool, and there's 
a movable mirror that bends the laser 
beam toward a specific spot on a 
square.” A photodiode detector regis- 
ters the spectral holes. Data are iden- 
tified by where they are spatially and 
what frequency they are at. 

There are problems that will prob- 
ably hinder development of a commer- 
cial molecule memory system for at 
least 10 years. For one, photon-gated 
materials have not yet been developed 
that function in the infrared-wave- 
length range of tiny diode lasers. 
“There is no fundamental reason why 
not,” says Macfarlane. “It’s just a mat- 
ter of finding the right materials.” 
Right now, the researchers use a large 
tunable liquid-dye laser to simulate 
the gating effect. 

Another problem is that it is often 
difficult to make a strongly absorbing 
sample of these gated materials as 
thin films. But perhaps the biggest 
problem is the need to operate at liq- 
uid-helium temperature. “If you have 
the material at room temperature, the 
atoms are shaking around, and that 
motion limits the selectivity of absorp- 
tion,” says Macfarlane. The low tem- 
perature is also necessary because 
usually data are lost when the mate- 
rial warms up to room temperature. 
However, some recently discovered ma- 
terials can warm up and cool down 
without losing data. 

Moerner and Macfarlane stress that 
their research is not yet a viable tech- 
nology. “You can go in and write infor- 
mation and retrieve it, but the technol- 
ogy is not practical yet,” says Moerner. 
“We have many of the required proper- 
ties—although not all in one mate- 
rial. We can burn fast—in thirty 
nanoseconds—make small spots, read 
with high signal to noise, create thin 
films from some materials, and oper- 
ate at a red wavelength.” The final 
step is to combine these properties into 
one material. 


FACTORY DIRECT 


AIR BEDS FROM $19.95 


IT’S TIME YOU TRIED SLEEPING ON 
AIR. Your back & joints don't ache in the morn- 
ing because of less pressure. You don't toss & turn 
as much and generally sleep deeper and more 
restfully because of less body movement. Air- 
cushioned comfort provides a better night's sleep 
as opposed to lying on a mattress of rigid metal 
springs. 

GENUINE AIR COIL CONSTRUC- 
TION. . „Herein lies the magic. Controlled Air 
Chambers are what support you when lying, 
sitting or lounging. You (and your sleeping part- 
ner) don't sink down in the middle. Instead you 
are both securely supported at all times in max- 
imum comfort & stability. Also a Portable Spare 
Bed inflating in minutes with an Air Bed Air 
Pump, vacuum or hair dryer. Rich camel color 
comes in Velveteen (suede-like finish shown 


above) or vinyl. Inflates to 8" high. Dealer Inqui- 

ries Welcome. 

SHOP FASTER BY PHONE 
1-805-966-7187 

Or send a check or credit card # for Air Bed[s) below. Sorry no 

W Full (54° x 75") 

Bl Queen (60" x 


Vinyl 
W 519.95 (4600) 
529.95 (#601) 
$39.95 (#602) 549.95 (#607) 
549.95 (#603) 559.95 (#608) 
W King (76° х 80") Wi 559.95 (#604) 569.95 (#609) 
W AIR PUMP | 514.50 (plus $2.00 shipping ea.) 


STARSHINECROUP 
802 Anacapa St., Dept. BD-410 
Santa Barbara, CA 93101 


America's Premium Direct Mail House Now In Our 10th Year 


29.95 (#605) 
539.95 [4606] 


ay HOME PLANNERS, INC. 
= 


` 1250 


An exciting portfolio of America’s popular home 
designs specially edited by category. -Order 
either the delightfully illustrated plan book of 
your favorite house category. or the Complete 
Collection. Your satisfaction guaranteed. 


215 MULTI-LEVEL HOMES — Spit levels 
Е en wing For 


TORY HOMES UNDER 2000 54. ЕГ E ss Tesir 
onai & contemporary extenors & ns. 192 


. I 
a p 
180 1 STORY HOMES — Car C Үн 
Euer secure Болови any as 128 oe 


ALL SIX CATEGORIES — only $19.95. Get each of the six out 
standing plan books. Over 1250 designs. 4050 illustrations. 1168 


pages. A $30.70 value. save $10.75. Blueprints available for each de- 


Sign at low cost. Start your home planning program now. 


s, chalets, hexagons, lodges for summer 
sû М 176 pages. 120 in ful color. $4.95 
= – —— —— -— = ‚== m- 


Mail HOME PLANNERS, INC. 
1 Тодау Dept. Bk - 23761 Research Drive 


Farmington Hills, Michigan 48024 


І 
Please ship fo me by return тай (circle choice) l 
315 One Story Homes Under 2000 Sq. Ft. @ $4.95 
210 One Story Homes Over 2000 Sq. Ft. @ $4.95 ff 
3 150 1% Story Homes @ $3.95 
4 360 Two Story Homes @ $6.95 І 
215 Multi-Level Homes @ $4.95 1 
223 Vacation Homes @ $4.95 PSM76 1 
7 Complete Collection @ $19.95 (Saving $10.75) 
1 name 1 
1 
1 
1 


JË Address 


Zip 
Mich. residents 
kindly add 4% 
Sales tax. Check 


D uad 


‘kitchener. Ont N2H 2WB_ enclosed for 
— mu ums xm -- Uum mum 


Easy-on, easy-off 
boat-cover rack 


Here’s a simple way to keep your boat’s fitted tarpaulin 
puddle-free—an easy-to-build boat-cover rack. The two- 
piece rack straddles the boat and is both crowned and 
inclined for runoff. Screw-and-rivet joints make it strong 
and easy to handle—it just drops into place. 

Use *A-inch-thick redwood except for the bulkheads, 
which are '4-inch exterior-grade plywood. Cut the cross- 
pieces to set 27 inches on center. Then rip narrow grooves 
for the bulkheads so the joint won't need glue. Shape the 
center bulkheads to give a five-inch crown, and then cut 
notches in the curved edge, nine inches on center. (Keep 
the notches ¥ inch shallower than the redwood strips so 
the tarpaulin won't sit on the bulkhead edges.) Shape the 
fore and aft bulkheads to create the incline shown. 

Attach %-inch-long sections of aluminum angle exten- 
sions at ends of crosspieces, to rest on gunwales. Drop the 
four bulkheads into place to determine height, and notch 
locations for intermediate bulkheads by laying redwood 
strips in place. Finally, assemble the rack on the boat, 
and fasten the framework.—E. F Lindsley 


Handling fore and aft sections is a one-man job (photo). 
For joints, use %-їп. lengths of aluminum angle. Drill %o-in. 
holes using drill-press vise for %в-ру-/-іп. rivets and one-in. 
10-32 screws. Hold angle with locking pliers; drill through 
plywood. Insert and pop first rivet. Drill screw hole, slip on 
angle, and snug down nut. Attach second rivet as shown. 


3/16" RIVET j"ELAT- 


SCREW PLATE HEAD 
3/16" x1/2" SCREW ^ НО 
(2REQ.) 


BLIND 
RIVET ou APPROX. 


1/4"х7/16"ОЕЕР = BULKHEAD 
| GROOVE 


ALUM. 
ANGLE \ 


Spring Savings! 
Save Up To 15-50% 
On Name Brand Products. 
Look At The Gigantic Savings 


Complete road ready kit. With Fenders! 
! ст 1,060 Ib. capacity. 40"x48" bed size. 
Ship wt. 124 Ibs. Lists for $279.95. 


пет # 12542 $139.95 


Below 


p 
Garden " 
cr mmt 
Hauls up to 300 Ibs. 
40"x25"x14"box caries big 
loads. Rugged 14" plywood, 1” 
galvanized steel edging. Includes 


FREE dumpster door. Big 20” 
wheels. Can ship UPS. 67 Ibs. 


. $69.95 


Item #14521. 


Trailer Pa 
For Your Every Need 
480 x 8 Tire & Wheel 


4&5 Hole. .$19.95 
570 x 8 Tire & Wheel 


4&5 Hole. .$32.95 
2000 Ib Hub & Spindle Set 


A complete Set.......$38.45 
Trailer Coupler 1%"... $6.45 
12 Ton Pintle Hook $34.95 
Deluxe Lite $18.95 
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Gas Engines 
Always the Lowest Prices 
And the Largest Selection! 

One M 
Year 
Warranty! 
Gas 
Engines 
Horizontal 
$132.95 
$187.95 
$227.95 
Vertical Engines 


Зу НР. $102.95 
SHP. 51.95 


We have a wide variety of horizontal and 

vertical gas engines available. From 3 to 23 

HP in brand names like Tecumseh, Briggs, 
(опаа, Wisconsin Robin, and Kohler. 
SUPER LOW DISCOUNT PRICES! 


Northern see ss 
= Hydraulic 


Call Toll Free 1-800-533-5545 
24 hours a day, 7 days a week! 


5 Ѕаіе Ехрігеѕ 
June 30, 1987, qan. 


New, powerful, lightweight, 1 10v Pressure 
Washer delivers 870 PSI of water pressure. 
1.8 HP electric motor delivers 2.2 gallons. 
per minute. 33° of high-pressure hose. 


ltem # 157161 ..33 Ibe. $314.95 


ы 


Chemical & abrasion resistant seals. Uses 
2" suction. Pumps 8,400 GPH with 28 foot 
Mt. 3 Hp. 4-cycle Briggs engine. Sh. wt 


37 Lbs. Lists for $22995! 
$175.95 


пет #10996 


ЁТ) Duplex 
b Receptacles 


4000 WATT 
CONTINUOUS RATED GENERATOR 
Ideal for homeowners, farmers, contractors 
and vacationers! Powered by an 8 Hp 
Tecumseh engine with cast iron sleeve for 
extra strength and durability. 


Пет #16425 108s $389.95 
4000 WATT Electric Start 


Same specs as above but with electric start 


Пет #16426 113lbs $459.95 


| Sendfora FREE catalog 
Mail to NORTHERN HYDRAULICS, INC. 
Dept # 68026 


P.O. Box 1499 


| Adress 
City 
State _ 


Face lift for furniture 


Water spots and other signs of wear 
and tear ensured that my oak dining 
table was always kept hidden under 
a tablecloth. Refinishing seemed a 
drastic step, so instead I tried Form- 
by’s Furniture Face Lift, a different 
approach to wood treatment. The 
three-step kit ($16 to $18) is designed 
to revive the existing surface, not re- 
finish it, and can be used without mess 
in one hour. 

Step one: Clean the wood's sur- 
face. Following Formby's instructions 
I squeezed the pearly-pink cleansing 
liquid onto the table. Rubbing vigor- 
ously in a circular motion with the 
included pad worked up a gray foam 
as it released the ingrained dirt. 

Step two: Apply Formby's buffing 
cream using the same circular motion. 
I could see the various marks disap- 
pearing beneath the gritty yellow liq- 
uid. And this improvement occurred 
so rapidly that I never needed the 
recommended two minutes of buffing 
time. 

Before moving on to the third step, 


Key to Furniture Face Lift is Formby's 
buffing cream, which contains fine 
abrasives that remove the top 10% of 
the original finish (varnish or polyure- 
thane) along with any minor damage. 


the buffing cream must be removed 
completely, using the remaining 
cleansing liquid and lots of cotton 
rags. This is not an easy job because 
as the liq dirt, and cream dry, they 
form a tough film. 

Step three: Let the clean wood dry 
for 30 minutes, and apply the clear 
finish. I applied the finish in a circu- 


lar motion to one half of the table 
at a time. Then I carefully smoothed 
over the same area, going with the 
grain. Though it takes only minutes 
to apply the finish, the surface needs 
at least three hours to dry. If your re- 
sults are as good as mine, you'll be 
left with a hard shine that looks like 
new.—Nancy Negovetich 


AIR PROCESSOR 


Remove harmful smoke "=~ 


and dust pollutants in your home and office. SB 


IN A RECENT REPORT, THE SURGEON GENERAL LINKS 
INCREASED HEALTH RISKS WITH INDIRECT SMOKE. Eaglestone’s 
two new electronic air ionizers, Air Processor and Fresh Aire 111, show, 
in repeated tests, 90% or better efficiency in removing cigarette smoke. 

By generating billions of negative ions, both models clear indoor air 


FRESH 
AIRE Ill 


Call TOLL FREE: 
1-800-221-5749 


In CT: 203-877-4417 
Mon-Fri, 9-5:30, EST. 


of pollutants, including cigarette smoke, dust, soot, pollen, and bacteria. r a 
The negative ions force these airborne particles to be trapped by electro- П {| e stone І 
static filters ог to fall harmlessly to the ground — before they reach your mm “өзу, 27. Geri S MAPCOCXCTBAEO І 
lungs: Breathe fresh, clean ait. | m Send Air Processor unit(s) at $129. each 
AIR PROCESSOR Cleans air two ways. In addition to electronic air ionization, Ш Send Fresh Aire ill unitis) at $79. each [| 
pollutants are trapped by an exclusive, reuseable electrostatic air filter. Air Rp Shipping and Handling Charges: [| 
Processor's swivel base, two speed ultra-quiet fan, and adjustable output air Under $100. add $3.00; $100-$200. add $4.00; 
louver offer you personal control of clean air flow. Contemporary styling for I Over $200. free shipping and handling || 
home or office. UL listed. Attractively priced at $129. [| CT кы a es sales а жаю [| 
FRESH AIRE III Sophisticated electronic air ionizer that literally shoots down J cg У ee aede M 
smoke and dirt particles circulating in the air before they are inhaled. Covers arge: 
large rooms up to 400 sq. ft. Place anywhere in home, office, hospital, or E Acct No. [| 
nursing home. UL listed. Low cost, just $79. [| Exp —/. Signature [| 
NAME 
Satisfaction guaranteed. 30 day money-back return. І ADDRESS [| 
FULL ONE YEAR WARRANTY. [| [| 
g 
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Wordless Workshop 


By ROY DOTY 
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S MAKE YOUR CARS 
ORK BETTER- 


ENGINE 


LAST LONGER-WITH 


—you'll spend less to 


run the car you now own: 


Here's How Patented Tufoil Technology, using 
PTFE increases engine life . . . does much more! 
How? By dramatically reducing your engine's intemal fric- 


tion and operating temperature. Now you can get much longer 


life from your car's engine and save hundreds on gas. Many 


Tufoil cusomers are reporting astonishing performance results! 


JUST WHAT IS TUFOIL? 
AND HOW DOES IT WORK? 

TUFOIL is an exacting formula of synthetic and mineral 
oils—combined with friction modifiers and particles of 
PTFE—the slipperiest substance known to man. Commonly 
called Teflon or Fluon, its particles are so small they'll pass 


right through your oil filter—to form a protective coating over 


all your engine parts. TUFOIL will mix with, and improve the 
performance of any motor oil you are presently using, cutting 
friction to the lowest level of any known lubricant! The U.S. 
National Bureau of Standards tested TUFOIL on their 4-ball 
tester and found it has a surface friction of .029. The pub- 
lished value for Teflon is .04 so TUFOIL is testing slipperier 
than Teflon! 


Tufoil® technology works . , . here's more proof! 


When 
POPULAR MECHANICS 
tested TUFOIL, it reported 
TUFOIL is absolutely 
spectacular! 


Home Mechanix says, "One PTFE additive, TUFOIL, has 
undergone field tests and has scientific evidence backing 
its claims for easier cold weather starting and improved 
lubrication and fuel economy. Others do nol." 


Tufoil turns your motor oil into а super lubricant, 
protecting all internal engine parts. 
Most engine wear and damage occurs during starting. 
This is where Tufoil makes a gigantic difference. 
Driving causes only a small percentage of 
the wear on your car's engine; much occurs 
during starting—that crucial "oil-less" period 
before your oil has circulated sufficiently to 
work. With Tufoil, internal engine parts are 
protected even while the rest of your car's oil 
is still settled down in the sump. 


SPECIAL 
THREE FOR TWO OFFER 


We wanted to say "Thank You" to our old 
TUFOIL customers. Here's the best way we 
know how. 


Just check the box and mail in your order for 
2 bottles. We'll send you one free. 


I'm an old TUFOIL customer and 
love it! Please send one free 8 oz. 
bottle with my order for two. 


©1987 Fluoramics, Inc. 

FLUON? is reg. TM. of ICI Americas Inc. 
TEFLON? is 

TulOlL* is reg 

US. Patent No. 4284518 


US. Patent No. 4.224.173 
US. Patent No. 3933 656 
Other US. Patents issued 
and pending 


LOW 
prRICTION 


SPECIAL: 
THREE 
FOR 
TWO 
OFFER 


Tufoil 


0 
RES Y ска Tufoil® is 
Ё: better than other 
lubricants. . .the list 
keeps growing. 


Read text for the National Bureau of Standards data 


2. 5х U.S. and a number of foreign patents have been awarded to Fluoramics 


{or Tuloil*. More are pending 

Independent laboratory tests throughout the country and throughout the 
world have proven Tufoi's claims of making your car's engine run better. 
smoother, cooler 

in Canada, government tests show a big improvement in low temperature 
starting for gas and diesel engines with Tutoil* (5% fuel savings) 

in Australia, researchers at the University of New South Wales reported 
fuel savings of up to 7% 

In Israel, scientists at the Technion Research Institute found Тою" a reli- 
able lubricant for scorching desert driving. Save fuel too (4%) 

In Texas, stationary engines used to pump natural gas are fasting more 
than twice as long and running cooler on hot sunny days when ТИЮ!" is 
used 


їп New York State, the maintenance engineer at a major automobile manu- 
lacture reports in-plant propane fueled lift trucks’ engine Me is doubled 
when ТО" is used. 

More and more police departments and racing drivers are switching to Tu- 

foil to save engine wear and fuel for faster frtion-less starts 

We've had many customers tell us Tutol” gives astonishing improvements. 

1o their engines. Over the Ме ol your car, this translates into thousands of 


dollars saved and tens о! thousands of extra miles added 


Tufoil protects your engine best. It’s the most sophis- 
ticated engine lubricant ever developed for your car. 

You'll feel your car respond better, start 
quicker, accelerate faster, climb grades more 
easily, idle smoother and you'll notice the 
results the first time you use it. Tufoil is the 
next best thing to engine insurance! 


In any weather, throughout their entire performance 
range, engines with Tufoil run easier. 


Tufoil's remarkable friction reducing formula will keep. 
your engine temperature lower to prevent overheating. 


Hot weather . . . when you shut your engine down 
оп a hot summer day, particularly after a tumpike 
run, it's often hard to start. Hot parts expand and 
pinch together. TUFOIL's super low friction helps 
you get going easier. Cold weather puts a big strain 
оп your battery and starting motor. Recent Cana- 
dian government and independent lab tests in Mich- 
igan verify improvements when TUFOIL is used. 
Cranking speed for gas engines improved 6.1% 
diesels 9.6% . . . and a 5% fuel savings too. Six 
U.S. patents so far! Make winter and summer driv- 
ing easier. 


How To Use TUFOIL” 

Just add one 8-02. container of TUFOIL to your 
standard crankcase, (It'll treat 4 to 5 quarts of 
engine oil.) If you want to super treat your engine, 
add two bottles! You will see the results in less than 
1,000 miles. Once your engine is broken in on 
TUFOIL, add 4 ounces (%; bottle) with each oil 
Change to keep new performance levels. Use 
TUFOIL repeatedly over the life of your engine to 
help keep it purring like new! There is, by the way, 
no scientific basis for claims that one-time 
treatment by any lubricant will last the life of an 
engine. 

TRY AN 8 OZ. BOTTLE OF TUFOIL 
FOR 30 DAYS OR 1000 MILES 

If you're not satisfied, simply send us proof of 
purchase with a note and we'll refund your 
money immediately—no questions asked. 

Send for Tufoil today and prove to yourself 
the amazing increase in your car's performance. 
Fill in the coupon today. Or call TOLL-FREE 
any time, 24 hours a day. 


1-800-922-0075. 
(in Mew Jersey, call 201-825-8110.) 


SEND FOR FREE BROCHURE — 30 ANSWERS TO TUFOIL QUESTIONS! 


rush my Tufoil order: 
О ONEB oz. bottle . . . treat one car for 
$14.25 (plus $3.50 shipping and 
handling). See money back 
guarantee. 
О TWO 8 oz. bottles . . . treat two cars 
for $25.00 (plus $4.00 shipping 
and handing) SAVE $6.00. 


Fluoramics, Inc. 


PS-67 


103 Pleasant Avenue 
Upper Saddle River, N.J. 07458 


My check or money order for $ ıs enclosed 


Charge my credit card. 


Am.Express MasterCard C Visa 


Card No. 


Exp. Date. 


Special Offer 


Aiter you've tested TUFOIL, and like it, 
buy a gallon of TUFOIL to share with 


LJ ONE GALLON . . . treat 16 cars for 


Name. 


Signature. 


Address. 
your friends & save S159, Oy 


$125.00 (plus (6.00 shipping State 20. 


and handling, 


BiG SAVINGS _ 


sales tax) Orders to Canada Send check 
Add S4 extra shipping char J 


A selection of products and services for Popular ne readers available кт бу mail. Enjoy the fun anda convenience сер mail 
ordering shopping. Please order directly from the advertiser. For advertising rates for this section, write Advertising Sales, Popular 


Science, 380 Madison Avenue, New York, N.Y. 10017 


Do It Yourself 


for making Ornamental 
Concrete Items 

Book about Aluminum Molds 
including over 425 designs, 
prices and production trade 
secrets from world's largest 
mold manufacturer. 


1500 sq.ft. home plans & fully engineered 
connecting hardware—$1650. Complete pre- 
cut kits and a variety of floorplans available. 
Attractive, easy-to-assemble, energy-efficient 
New 40-page color catalog & more—$8. 


м TIMBERLINE GEODESICS 
2015 Blake St., Berkeley, CA 94704 (415) 849-4481 


ON FIRING MODEL GUNS . 


ко Zinc alloy. Realistic. 
1 Over 30 parts. Cannot chamber or тө 
real ammo. Assembled. FREE Catalog. 


COLLECTOR'S ARMOURY Creat 
1500 Siaters Lane, 
Box 59, 


gum Ev 


ж ж ж ж ж PRESENTING ж coe | 


CABLE TV 
EQUIPMENT 


яск KKK STARRING c 
JERROLD, HAMLIN, 
AND OTHER FAMOUS MANUFACTURERS 


+ FINEST WARRANTY PROGRAM AVAILABLE 
® LOWEST RETAIL/ WHOLESALE PRICES IN US. 
* ORDERS SHIPPED FROM STOCK WITHIN 24 HOURS 


FOR FREE CATALOG ONLY 1-800-345-8927 
FOR ALL INFORMATION 1-818-716-5914 


REMOVES VOCALS FROM RECORDS! 

Now You can sing with the world’s best bands! 
The Thompson Vocal Eliminator can remove 
most or virtually all of a lead vocal from a standard 
stereo record and leave most of the background 
untouched! Record with your voice or perform live 
with the backgrounds. Used in Professional Perfor- 
mance yet connects easily to a home component 
stereo system. Not an equalizer! We can prove it 
works over the phone. Write or call for a Free 
Brochure and Demo Record. 

LT Sound, Dept. PS-3,P.0. Box 338, 

Stone Mountain, GA 30086 (404) 493-1258 
PACIFIC CABLE CO. INC. DEMO 


7325 RESEDA MVD. OEFT1408 


SATELLITE T.V. 


Complete System Examples: 
Winegard-mover optional 
STSLSR - w/mover 

STS SR 110-w/mover 

Chap. Chey.-w/mover. 

DX 800-w/mover. 


ea XN 


The Ecological Toilet System 
* NO WATER 
* NO CHEMICALS 


NO SEPTIC TANK 


Sancor Industries Ltd. 
140 - 30 Milner Ave., Scarborough. Ont. М15 ЗАЗ 
(Call 9-SE.S.T. Mon-Fri) СОА: 416-299-6686 
In U.S.A.: TOLL FREE 1-800-387-5126 


Systems Include: 10° Orh:tron dish. mount 
receiver. mover. LNB and Feed 


Many more to choose from: 7'.9'. 10 & 12' dish's 
Houston Tracker, Uniden, Drake. etc. 

Plus upgrades for present owners: Receivers, 

movers, LNA's. LNB's, Feed's & Ku band equip- 


ment 


FREE BUYER'S GUIDE 
Call or Write Today! 
AML MARKET LINK, Inc. 
Box 142S Fergus Falls, MN 56537 


FIBERGLASS Systems UPS Shippable (218) 739-4879 
HOUSEBOATS) 
12x32-$12,999. 
14x52- 430008. FOR SPEEDIER DELIVERY 
В кос PLEASE USE YOUR 
1-800-457-6465 ZIP CODE 
EXT. 444 
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SOLAR POOL HEATER 
Do-it-yourself 4 x 10 ft solar swimming pool 
heater. Get a pair of special manifolds from RMB for 
$65.00 and plans that will show you how to complete 
the solar heater. EASY! No soldering! By getting your 
‘own copper pipe and some small hardware you can 
have a 4 x 10 ft panel for less than $175.00. Send 
your order to: RMB Products, Inc., 4226 Valley Fair, 
Simi Valley, CA 93063. Prepaid to continental US. 
CA residents add sales tax. 


| Includes Shipping 


* Giant purchase lets 

us offer this bargain. Brand 

new GOULD 1 HP motor. Full power, 17.6 

amps, 115 volt AC. CCW, 3450 RPM, con- 

tinuous duty. 56 frame with rocker base. Ther- 

mally protected, manual reset. Shaft 5/," diam. 
x 1/,". Shpg. 30 Ibs. 


CALL 800-228-3407 
Burden’s Surplus Center 


1000 West `0`* P.O. Box 82209-PS * Lincoln, NE 68501-2209 
Ask For Free Catalog! 


GASOLINE 
ENGINES 


Generators, Т! 

Tillers, 
Bac CATALOG 
COUNT. PRICES 


$143.95 
$199.95 


SHP Briggs Horizontal. 
BHP Tecumseh Horizontal . 


SY2HP Tecumseh Vertical................$99.95 
10HP Tecumseh Vertical Elect... $239.95 
500 Watt Toro Generator. $239.95 


2 to 18 HP Engines, 500 to 5000 watt 
Generators, all at Discount Prices 
SMALL ENGINE CITY 
2612 Lyndale So. Dept. PS6 
Minneapolis, MN 55408, 612/872-4288 

1-800-64: 


Popular Science Indexes 
Box 2027, Latham, NY. 12111 


Encsad ie a iioi S. — — [iac or many ore reso s 


86 785 0'84 0783 C782 (781 C780 O 
O78 0777 076 075 074 073 072 


($1.75 each) DAI 15 indexes (1972-1986) for $15 DFive indexes $5 


Name. 


Address 


Ciy. 


State, 2р. 


(Prces above include postage and handing Arow about 4 weeks fr deivery ) 


= 


YOU SAW IT IN 
POPULAR SCIENCE 
—BUT WHEN? 


Nothing is more frustrating than 
trying to find that article on stealth 
aircraft or the new HQ VCRs, or lo- 
cating any other informative article 
or item that appeared in POPULAR 
Science in 1986. That's why you'll 
want a handy 1986 POPULAR Science 
Index. And to help you make use of 
your older magazines, or to find a 
PS reference quickly at the library, 
complete your set of indexes, still 
available from 1972 to date. Fill out 
the order form above or a larger sheet 
and send with check or money order. 


FACTORY DIRECT 
GRANDFATHER CLOCKS 


Do-It-Yourself Case Kits 


and Finished 


[| • Solid 3/4" hardwoods: 
| black walnut, cherry, oak 
* Heirloom quality 
Solid brass West German 
chiming movements 
and dials 
* Easy to assemble kits or 
completely assembled 
and finished 
* Money back guarantee 


SEND $1 FOR 
32-PAGE FULL 
COLOR CATALOG 


EMPEROR 
CLOCK COMPANY 


WORLD'S LARGEST MANUFACTURER 
OF GRANDFATHER CLOCKS 


Dept. 2319, Emperor Industrial Park. 
Fairhope, Alabama 36532 ө Phone 1-205-928-2316 


Тат interested in O Do-It-Yourself Kits. 
О Finished Clocks 
Name. 
st 


City 


(please print) 


Be Your Own Boss and Make 


$18.00 
to 
$30.00 


AN HOUR! 


Your FREE Lifetime Security Fact Kit tells you how to 
make $18.00 to $30.00 an hour in your own Foley- 
Belsaw Full-Service Saw and Tool Sharpening Busi- 
ness. Your FREE Fact Kit explains how you can 


— be your own BOSS! 

— work full time or part time, right at home. 

— do work you enjoy and take pride in. 

— operate a CASH business where 90¢ of every 
dollar you take in is clear CASH profit. 


And it is so easy to learn. Foley-Belsaw gives 
you all the facts and instructions. No experience or 
Special training is necessary. Foley-Belsaw tells you 
everything you need to know to be successful. 


And there's plenty of business available in your area. 
You will be able to sharpen all types of saws, garden 
and shop tools for home, farm and industry. 

You will be able to set your own hours and not have 
to worry about layoffs and strikes. And there are no 
franchise fees. Any age person can succeed. 

But you've got to get the FACTS before you can 
jet started. So write NOW for your FREE Lifetime 
ecurity Fact Kit. It’s yours to keep with NO 

OBLIGATION 


... send NOW for your FREE | 
Lifetime Security Fact Kit! 


FREE 
LIFETIME 
SECURITY 
FACT KIT 


[2 YES, | want to know тоге! 
Please rush my FREE Lifetime Security Fact 
Kit 


Planer Molder Saw 
feed, TOO а 


Now you сап use this ONE power-feed shop to turn 
rough lumber into moldings, flooring, furniture 
—ALL popular patterns. RIP-PLANE-MOLD . . . sepa- 
rately or all at once with a single motor. Low Cost 

. You can own this power tool for only $50 down. 

; SEND FOR 

30-Day FREE Trial! excitine racrs 
NO OBLIGATION-NO SALESMAN WILL CALL 
RUSH COUPON tatis 


TODAY! 01 Equitable Ré; Dept 91087 


Kansas City, Mo. 6412 
т==== 


Foley-Belsaw Co. 
6301 Equitable Rd.. Dept. 91097 ! 
CIEI Kansas city, Mo. 64120 


Please send me complete facts about p 
O YES PLANER MOLDER SAW and 
details about 30-day trial offer. 


Train at home for 
one of these 27 
career opportunities 


Free facts about Diplomas and 
Specialized Associat 


Now at home in your spare 
time, without any previous 
experience, you can train for a 
money-making career...even 
get a Degree. Send for free 
career facts about the exciting 


career program that interests 
ои most. You will receive color - 
rochure and information on employment oppor- 
tunities in the field you choose. Mail coupon 
today and see how easy й is to train at home for a 
great new career or advancement on your pres- 


= ОБ. SEND FOR FREE FACTS! _ ел | 


‘international Correspondence Schools | 
Dept. PCS67, Scranton, PA 18515 
Please send me free facts, color brochure and full infor- Û 
| mation on how 1 can study at home for the caraer | have 
chosen. | understand | am under no obligation and по 
salesman wil visit. CHECK ONE ВОХ ONLY! l 
Lp 2 ا‎ 


нз: ЫШ PROGRAMS PROGRAMS 
С] Business Mana ü "дама ттен 


Technolog 
Civi Engineering Technology 


Ie oy al 
Electrical Engineering 


with option in Finance 


E Buses Maure. КЛ 
with option in lectronics Technology. 
отот AREER DIPLOMA PROGRAMS OO 
High School 7 Small Business Mgmt. 
Auto Mechanics 
TVACR Repair Bir n 
rveying & Mapping fe Repair 
Dratting C Police. = 


IE (Кусы اوو سا س‎ к e 
E 
I 


| Correspondence Sc 
pun —— — — 
STREET APT. 


Н Rees & ution 


rare by ICS and North American 


| 
l 
l 
! 
! 
‘Microcomputer Repair I 
l 
| 
l 
l 
l 


1 lonann _______ НР | 


\Nhat’s New at 
AMERICAN DESIGN COMPONENTS. 


үү е warehouse 60,000 
items at American 
Design Components — ex- 
pensive, often hard-to-find 
components for sale at a 
fraction of their original cost! 

You'll find every part you 
need — either brand new, 
or removed from equipment 
(RFE) in excellent condition. 
But quantities are limited. 
Order from this ad, or visit 
our retail showroom and find 
exactly what you need from 
the thousands of items on 
display. 


Open Mon. - Sat., 9-5 
THERE’S NO RISK. 


With our full 90-day warranty, 
any purchase can be returned for 
any reason for full credit or refund. 


ELECTRONIC 
CASH REGISTER DRAWER 
(Computer Operated) 


Fits right underneath your PC. Comes w/ 
metal cash drawer and cover, which are 
removable, Security switch w/key allows 
you to open or lock drawer manually. 


от #12265 $49.95 new 


2%” Dual Wheel 
Heavy cap., easy swivel, low ht. make these 
especially suitable for business machines & 
pianos. This set consists of 4 swivel casters. 
125-140lb load cap. ea.; full bearing swivel. 
Plate dimen.: 2%” x 3%”; OJA Н: 3%" 
Mfr - Bassick. Item #10540. 

Set of 4 $19.95 New 


3” Set 


Set of 4 casters, 2 w/wing brake & 2 w/o, 
& are recommended especially for use on. 
carpet, 500Ib. load cap. per caster, full roller 
bearing swivel mt. Plate dimen: 3%.” х 
азы”. OIA Ht.: 4*4". Swivel radius: 3.18”. 
Mfr - Bassick. Нет #8229. 


set of 4 $24.95 new 
VACUUM PUMP & MOTOR 


Usable for vacuum or pressure appli 
cation. 4 CFM/15 PSI max. 15" cont., 
28" intermittent. Pump is directly coupled 
to a GE ' HP, 1625 RPM, 115 VAC, 
50/60 Hz., single phase 3.8A motor. 
‘Thermally protected. Mtd. on metal base. 
Dim: 554^ W x 14: 

Mfr-Gast 0040-У119 (oil-less) & GE 


item #5327 $39.95 RFE 


RECHARGEABLE 
LEAD ACID 
BATTERIES 


Sealed, compact power sources 
designed for long life and durabil- 
ity. Perfect as portable packs for 
use with robotics, model cars, 
trains, etc 


12V 


Dim.: 7.12"Lx 2.99"Hx 6.57°H 
Bolt terminals 
Mfr — Yuasa, type NP15-12 


Item #12277 $24.95 New 
24V @ 15Ah 


Tab terminals. 
Mfr — Eagle-Picher #CF24V 
пет #12281 $29.95 мем 
* Due to weight of batteries, please 
add $5 (U.S.) or $10 (Canad.) to 
regular shipping charges. 


Paragon, 
#4003-0S 
пет #12286 $29.95 New 


*Ex.: Turn on pool pump at 9 am, 
run for 3 hours & shut off— ea. day 
exc. Mon. when you're not at home. 


115 VAC/60 Hz.; .3 amps. Low 
noise, high pressure/volume fan for 
cooling in tight places. Five plastic 
blades with feathered edges, alu- 
minum housing. Ball bearing, ther- 
mally protected. Permanent split 
‘capacitor motor (cap. buit in). 
Dim: 6X "Н x 5.92^W x 2” deep 
Mir — Rotron 4MR283 

hem #6301 $19.95 RFE 
SYNCHRO 


INDICATING SYSTEM 


120 VAC, 60 Hz. Excellent indicat- 
ing system for general purpose ; 
cations. Use as a beam direction or 
position indicator for valves, flaps, 


item #6817 $19.95/prNew 


SPECIAL! 


minum housing. Can be m. 
for blowing or exhaust. 
Dim.: 4" esq. х 1% "deep. 


кет #5345 $5.95 RFE 


.9 AH 
Dim.:2°W x 27H В Е 


x 1%"D. Mfr — Globe GC610. 
кет #9304 $3.95 new 


appi- | 6V @ 


9.5 AH 
Dim.: 5%” HW. 


deer 
Mir -— Elpower #695 


нет #7039 $14.95 New 


NEON TRANSFORMER) NICAD 


(Hi-Voltage) 


7300 VAC 
@ 5 Ma. 
May be used for powering neon 
lights, replacing oil burner ignition 
transformer, building Jacob's lad- 
der (spark gap). A high-volt. out- 
: Ye quick connect terminal & 
ground input fully enclosed 
I case. Weight: 12 Ibs. 
Base mount: 4% Н x 5'4"W x 674” 
item #151 $9.95 RFE 


Dim.: 2. he 
Mir — GE 123233 or equiv. 
кет #5443 $5.95 New 


ftom #12142 packet 2) $5.95 
(Major mtrs.) 5 packs/ $25.00 


ADAM Computer Parts 


Ж KNEWK Ж 
ADAM LNK: MODEM 


(w/o Software) 


Item "зва $29.95 


ADDRESS BOOK 
FILER SOFTWARE 
W/AUTO DIALEI 

i Item #12365 119.95 


kkk d d d 


ADAM 

COMPUTER KIT 

(Less printer) 

Includes: Keyboard, digital да! 
drive, 2 game controllers, power 
supply, all memory boards, and 
опе cassette. No wiring neces- 
sary; hookup diagram included. 


пет #7410 $99.00 


COLECOVISION 
to ADAM 
EXPANSION KIT 
Plugs into your ColecoVision. 
printer power supply & one 
you will have a work- 
ing Adam Computer. Keyboard & 
о 
included. 


Item #9918 $59.50 


DATA DRIVE — 
Item 46641 
LAST CHANCE — $19.95 


PRINTER 
POWER SUPPLY — 
пет #6642 $14.95 


ASCII KEYBOARD — 
пет 46643 $19.95 


ADAM CASSETTES 
(Consisting of Buck Rogers & 
Smart Basic only.) 

aS DOZEN — $19.95 


CONTROLLERS (set of 4) 
йет #7013 $9.95 


PUMPS — COMPRESSORS — BLOWERS — MOTORS — POTENTIOMETERS — COUNTERS 
TIMERS — RELAYS — VOLTAGE REGULATORS — POWER SUPPLIES 


55 RPM SATELLITE 


Reversible capacitor induction 
motor. 115V/60 Hz., 30 in. ib 
torque. 14W. Front flange mount 
OA Dim.: 3% "D x 5°L. 

Shaft: %”D x 1^ 

Mfr — Matsushita or equiv. 


пет #5149 $9.95 RFE 


For use in pumping water/chemi- 
сда о! сой Hange: 30 GEM @ 


hermally Protected, 
Inlet: 195671. x 6"dia. x 5%”H. 
Mfr — SEI #12895-002 

Item #9983 $59.50 new 


or 2 tor $100.00 


1/4 HP, 14,000 RPM 


115VAC/60 Hz. CW rotat 
tool & appliance duty. Ideal for 
high-speed drills. With 
speed control, can be used at 
variable speeds for mixing paints, 
1 


Mfr — Northland #72110 
Item #7430 $12.95 RFE 


(Speed control included.) 


MINI WATER/ 
CHEMICAL PUMP 


А 
Plastic diaphragm pump, for use 
in all types of fluid systems: soda 
fountains, etc. 24 VDC, or with 
built-in power supply. Plugs into 
any 115 VAC outlet. Inlet dim. 
3/8". Has lighted on/off switch, 
& 6 ft. line cord. Mounted on 
sturdy plastic base. 

ОА Dim.: 17°L x 6%”Н x 67D. 
Mfr — Shurflo #1058-818-56 


пет #12283 $29.95 new 


% H.P., 1725 RPM 


CCW rotation; 115 VAC/60 Hz., 
9.2 amps. Shaft: %4” dia. x 2"L 

with %«” keyway slot. 

Dim.: 6%" dia. x 8% "Hx 8%"L 
Mfr — GE #5KC47KR319AS 


item #5314 $39.50 New 


115 VAC/60 Hz., 1/10 HP (capac. 
supplied). Continuous duty, Outlet 
Dim.: 3%"H x 3*4" W on 4X" Hx 
4%" W undrilled flange. Intake 
lange md, оп 8%” W cent 

X"H x 10% "Му x 8 
Mr Pasco #7082-0124 


wem 45170. $15.95 nrc 


AIR 
COMPRESSOR 


Produces up to 33 PSI. For air 
brush, paint spraying, tire & mat- 
tress inflation. 115VAC, 50/60 
Hz. Capacitor-run motor. 

Dimen.: 4%” dia. x 8% ° long 
Mfr — Thomas Industries 


iem #64 $29.95 RFE 


12/24 VDC 


55/100 CFM 

В W. Can be mounted for blow- 

ing or exhaust. Aluminum hous- 

ing, brushless, ball-bearing type. 

1" Thin: 5 plastic blades with 

feathered edges. 

Mfr — Centaur #CUDC24K4-601 
кет #8541 $19.95 New 

1%” Standard: 5 plastic blades 

Mfr — Centaur #CNDC24K4-601 


кет #12109_ $14.95 nrc 


“The First Source”— 


PC 8300 HOME COMPUTER 
(Advanced version of the Timex 1000) 


42-key mechanical keyboard 
{not membrane). Contains 2K of RAM. 
MHz processor, 
ROM 8K BASIC. Graphics capability/sound— 
music, TV or monitor. Joystick input oper- 
ates on 115 VAC. Includes: AC adapter, TV 
ble, and ү о! cassette cables. Will run all 


:orded tay 
2X81. Mfr — Power 3000. In orig. boxes. 
Item #10336 $29.95 New 
Accessories. . 
* 16K RAMPACK upgrade 
Hem #10337 $9.95 New 


* 32K RAMPACK upgrade 
пет #12148 $19.95 New 


* COLOR PACK 
пет #12147 — $19.95 New 


12" Monitor 

(Controls front panel mounted) 
12", green phosphor, high resolution (12 
li ter) and bandwidth from 10Hz to 
ЗО Hz + 3dB. Op. volt.: 120/240VAC, 50/ 
бОнг., 65VA max. Controls front panel mtd. 
Mfr — Motorola - Alpha Series 


кет #10043 $29.95 new 
15" Monitor 


18" screen. Same specs as above. 
Hem #10044 — $34.95 New. 


ADC KITS... 


ROBOTICS KIT 

(Springs, Bolts, Pulleys & Gears) 

Consists of: 

9 Timing Belts (7.5" to 13”); 2 Round 

Belts (12* to 157); 15 Nylon & Plastic 

Spur & Drive Gears; 22 Torsion Springs; 

6 Compression Pulleys; 19 Tension Springs 
Item #5306 $14.95 New 

COMPONENTS & PARTS KIT 


si 
assorted: Dip, Toggle, Side, and Sensitive 
Miniature and Standard Size Switches. 
Item #5307 $9.95 мем 
Ic SOCKET KIT 
00 Ass't. Sockets — Consisting of 100 
assorted IC sockets. From 14 10 40 Pin; 


нет #5309_ $9.95 now 


regulation and ultra- 

isolation for microprocessor-based equip- 

ment. Contains less than 396 harmonic dis- 
better than 60 dB traverse noise 


3%”, ТОМЬ 
HARD DISK DRIVE 
(IBM® Compatible) 


Fits standard 5% 
Shock mounted. High speed, low 
power. Mfr — Rodime #RO252F 
hem #10151 $179.00 New 
Controller Card tor above. 

ет #9984 $99.00. 
SWITCHING POWER 
SUPPLY 


” spacing. 


115 & 230V, 47-440 Hz. 


-12VDC @ .3A 
Perforated metal case enclosure. 
"Lx 3% "Wx 27H. 
General Instrument 


48-KEY — Timex Z81/1000 
пет #6712 $5.95 new 
66-KEY — Commodore C-16 
нет #9394 $5.95 new 


75-КЕҮ — Timex or Adam 
For computer upgrade. . . 
кет #7429 $5.95 New 


GYROS 


Military aircraft gyroscopes; provided positional information to auto pilots 


1 3 by 
us for over $200— get them while they last! (Case not shown, but incl.) 


5%”, 1.2 Mb. AT 


for electromechanical & electronic 
equipment and components — AMERICAN DESIGN COMPONENTS! 


HALF HT. DISK DRIVE 


48/96 TPI 
(IBM* Compatible) 
Double sided, single/double 


density; 80 track. 
Mfr — Panasonic #JU-475 


пет #10005 $129.00 New 


COMPUTER GRADE 
POWER SUPPLY 


Input 115V/60H. Dim.: 
3% "н. (Rubber ft. incl.) 
item #9501 


JOYSTICK 
CONTROLLERS 


pple, Commodore, 


А 
‘and our #10336 PCB300 Сот. 


puter, Has 4-ft. cord with plug. 
Dim.: 3%” sa. x14" H. 


$24.95 now 


Mfr — Tandon TM100-2 
Item 47928 $79.95 
21«$150.00 


CELL ud 
xA 
"бет #1893 $99.00 


‘Commodore VIC 20 CPU board & 
‘mechanical keyboard. Guaranteed 
not to work. (For parts only.) 


кет #12144 $14.95 RFE 


190W AUXILLIARY DISK 
DRIVE POWER SUPPLY 


Dim.: 117М/ x 4%”Н x 7"deep 


iem #12143 $5.95 New | item #10006 $59.95 New 


COMPUTER & GAME EQUIPMENT — ACCESSORIES — MODULES — TELEPHONES 
ELECTRONIC COMPONENTS — INTEGRATED CIRCUITS — OPTICAL EQUIPMENT 


Vertical — Honeywell 367044 


м. 


Наза glass tube mercury switches тиу 


E. 


оп B5? gimbal within a 360° gimbal. 


solenoid, precision angular scales, 
ture micro switch & many other parts. 


а wealth of parts. Dim.: 


tem #6954 $14.95 


9%"L x 6W x 5%”Н. 


пет #6543 $14.95 
AMERICAN DESIGN COMPONENTS, 62 JOSEPH STREET, MOONACHIE, N.J. 07074 


YES! Please send me the following items: 


Description Price 


STEPPING MOTORS 
for ROBOTICS ew 


Precision 
steppers with 
increments from 
1 to 7.5 degrees. 
Speeds up to 
5.000 steps. 


жа Step Volts Torque 
Angle DC oz/in Type Mfr. & Part No. Fig — Price 


Tandon TM55- 4 DS/Quad 
пет #1904 $79.00 
2 for $150.00 


jory. Mfr — Spectra-phone, 
Model ОРУ. Item #10748 


$8.95: 2 for $15.00 new 
12”, High Resolution 
TTL MONITOR 

F 


- | 12 VOC/110 VAC (wibuilt-in pow 


supply). Green phosphor. Mtd. in 

metal housing. Schematic supplied. 

Mfr — Capetronic #DS-1030 
Item #6811 $19.95 New 


5411 5 17 PM 


5275 1.8 1.8 72 


7630 1.8 3.0 200 


[ My check or money order is enclosed. 
[1 Charge my credit card. 
Û Visa [C Master Card C Amex 


Total. 


Card No. 


N.A. Phillips 1 
A82310-M2 
Superior Electric 
MOE1-FF-6201B 
Superior Electric 
М092.Ет.402 


$9.95 
2/$14.95 
2 $19.95 ea. 
2/$37.50 
2 $34.50 ea. 
2/$59.50 


MINIMUM 
ORDER 
$15. 
PS-67 


Exp. Date 


Signature 


Telephone: Area Code 


Number. 


Total 


Name 


Shipping & handling, we ship UPS unless 
otherwise specified. Add $3 plus 10% total 
Canadian: $3 plus P.O. cost. Charge only 


Sales Tax (N.J. residents only, 
please add 6% of total) State Zip 


ORDER TOTAL All inquiries and free catalog requests call 201-939-2710. 


For all phone orders, call TOLL-FREE 800-524-0809. in New Jersey, 201-939-2710. 


rej Contains dual outlet for CPU & 
monitor, and 6 ft. line cord. 
95 — 130V, 60Hz. 


Address. 
City 


Dimen.: 11%71. x 4%"H x 5%"W 
Mtd on metal base with rubber ft. 
Mfr — Sola #63-13-114 


item #9999 $99.00 New 


Work part time, 
right at home — we hel; 


No doubt about ít. . . as a small engine 
pro, you can cash in on the huge de- л 
mand for qualified men in one of Amer- y 
ica's fastest growing industries. You'll i... 2 
be able to command top hourly rates of from ~ 
$25.00 to $30.00 per hour — and that's just 
for labor. 

Plenty of business waiting for qualified men. 
65,000,000 Small Engines Are In Use Today! 
That's the official count from the Engine Service Assn., and | 
one-million new engines are being built each month. With 
Foley-Belsaw training, you can soon have the skill and | 
knowledge to make top money servicing these engines. — | 


» 


DOME HOME KITS 


Spacious. ..Efficient... 
Affordable...Monterey Domes 
Homes are designed for a 


lifetime of savings. 
Up to 5096 more ener- 

gy efficient than every- 

day homes. Patented „ш 

building system 

comes precut 

and color coded. 


Name. 
Mare 


C Also, send me the Ваз Dome Assembly Manual for an additional $5.00 


Cty Ste Zu. 
Send To: MONTEREY DOMES 


Send for 100 page color 
Catalog & Plans Book. $7.00. 
D _ Fully Guaranteed! 


1 pt ARG 


Chicago Ave. 


Professional Tools and Equipment PLUS 4 hp Engine 
А! YOURS ТО KEEP. ... All at No Extra Cost 


NO EXPERIENCE NECESSARY! 
You don't need to be a ‘born mechanic or have any prior | 
experience, Lessons are fully illustrated... so clear you 
can’t go wrong 
method 


Tr institute, 6301 Equitab 

51188 , K.C., MO 64120 sen 
| ДП vease sena me he FREE oot a oves ы ге nen 
| уйк mere a бойок and har No Ses wi your copy 


| aon me ‘wa! | 


| NAME 

! aooness 
‘ony 
Lette — 


MADE 


USA 


CUT TALL WEEDS 
AND BRUSH IN 


gOS * Cuts brush and saplings 
МУ! — up to 1⁄2 
* Commercial Sickle bar mower 
— used by Rental yards and 
Highway departments 
* Costs Up to 17% less 
— than homeowner 
models 


Send for Literature 
and factory pricing 


IN 


KINCO 2" он 


St. Раш. MN 5: 


Haul wood, cycles, snow- 
mobiles and much more! 


Hefty 250 Ib. capacity! 
Steel support system. е 1/2- ex- 
terior grade plywood. 
double steel bearings 
1.75 semi-pneumatic tires. 
sembly required. @Box: 3ó' x 
20°W x 10°H. Overall: 48°L 


Full 4' x 


' bed, unfolded: 
137"L. e Max. load cap.:990 
Ibs. € Coupler cap.: Class |, 
2000 lbs. gross. e Hitch: 1- 
7/8". Tires: 4.8-8(D) tubeless, 8" x 3.75" 
rims. € Licensable in oll stotes. е Easily 


Ultrasonic 


Pestrepeller 


Folded: 
S'lx2W 
x 61 


cs fleos & more! Feotures: © Cov. 
I ers 2500 sq. ft. € TN capacitor of- 
fers stable high frequency. Out- 
put sound pressure - 130 dB. 


assembled. e 1 yr. limited warranty. 


Order и H1264-1360 
Shipped Frt. Collect 
Shipping Wt.: 160 Ibs. 


Order No. 8 
11264-1768 49° 
зан: $12.00. 


6000 Watt Power Generators 


Auxiliary power during outages, in the field, or at the 
cabin! Both models feature: #8 HP Briggs & Stratton en- 
gine. е Magnetron®, solid-state ignition. ® 1-120V duplex & 
1-240V duplex receptacles, 36.7/18.3 amps. 6000 watts 
surge, 4400 watts continuous power. е Rotary field design. 
* Circuit breokers. e 1 year limited warranty. 


eme — $499 
Order No. Н1240-1034...... 
+ + Order No. H1240-1018...... 399 


Compare at $1000.00 


Both Models: Shipped Freight Collect 


Wholesale/2 merica. inc. 


5174 


Order No. 
11267-1123 519 
S&H.: $200... 


A. Recoil & Electric 
Start - 29071 x 
20% 7W x 19H. 
Shipping Wt: 
152 lbs. 


В. Recoil Stort - 

2S'Lx VA W x 

174"H. Shipping 
We: 129 lbs. 


ORDER TODAY!! 


4777 Menard Drive, Eau Claire, WI 54703 


For Mail-in Order - ype/print on clean paper 
r no (s) along with your. 

nome & address. Send check/money order poy- 

America, Inc. (note: о: 

ship./hand. chrgs). To charge to MasterCard, 

VISA or DISCOVER, give acct. #, exp. date and 

sign nome. Allow 7 days for UPS d'Ivry. Add 2-3 

ШЕШ | ME. for freight collect items. Residents of AK, 
HI, Puerto Rico, and Virgin Islands, add 40% to 
ship./hand. WI residents - odd 5% soles tox. 


product name(s) & or 

able to 
We use TeleCheck! If 
ordering by mail & 


ing by check, provi 
st- address, phone й, & driver'slic. 


448 | nnam ов SCIENCE 


Send $1 for the latest 
Money-Saving Catalog from 
Wholesale America! Includes 
Huge Savings on Power Tools, 
Hardware & Housewares! 


10 DAY 
No Hassle Guarantee! 


Portrait 
of the Great 
American 
Investor 


You wouldn't know it to 
look at him. But he has an 
investment plan that's 
working, even though he's 
not. 

From Elm Street to Wall 
Street, people all over 
America are discovering 
that U.S. Savings Bonds 
have changed. 

When held for five years or 
more, Bonds pay competi- 
tive rates, like money 
market accounts. They're 
also free from state and 
local income tax. Find out 
more, call anytime 
1-800-US-BONDS. 


Bonds held less than five years earn a lower rate. 
A public service of this publication 


U.S. SAVINGS BONDS 


| THE GREAT AMERICAN INVESTMENT 


Avenue, New York, NY 10017. 


Reach 47 million readers every month with an ad in Popular Science's Classified Opportunity Mar. August Issue Deadline (on sale July 
14) is MAY 25. Rates: $8.40 per word. Min. ad 10 words. Darker type (bold) words $1.00 per word extra. Display Classified: $467 per 
inch. Payment with order, or charge your Visa, MC, Amer. Exp., or Diners Club account (give # & exp.) Advertisers using box number in ad 
must furnish name & street address for our records. Send order & remittance payable to POPULAR SCIENCE, Classified Dept. 6C, 380 Madison 


Emestine Grant, Class Adv. Dir. 


Dorothy Ellis, Sr. Class. Adv. 


HOVERCRAFT 


Flies over land/snow/water. 


ох 5118PS, Clinton, NJ 08809. 


ADVANCEDUItralight ACU, unique 

former, Infopack $8.00. Cert cheque/ 
Money order ULH, Box 478, Carleton 
Place, Ontario, Canada, K7C3P5. 


HOVERCRAFT Plans, Parts. Cataloj 


$1.00. Universal, Box 281, Cordova, I 
61242. 


TRAILERS & CAMPERS 
BUILD Your Own—Travel Trailer— 


GI - V's, 9152PS Ro: 
lox 1804, НВА СА: 90706. 


crans, 


BOATS, 


INBOARD/OUTBOARD 
MOTORS 


BOAT Plans — Patterns — Kits — Hun- 
dreds of designs — Sailboats — Power- 
boats — Sportsfishers 
Duckboats — Bassboats — Canoes — 
Hydroplanes — Simple construction — 
Proven results — Tremendous savings! 
Gigantic 160-page catalog $3.00 ($4.00 
Airmail) — Includes Free “Boatbuilding 
Supplies” catalog. GLEN-L. 9152 Rose- 
crans, Box 1804SP Bellflower, CA 90706. 


BOATS KITS—: all trail- 
erable molded fiberglass hulls and decks 
come factory assembled—you install 
factory supplied interior. Save half factory 
built cost. No experience required. FREE 
40 page catalog. LUGER, Dept. AC-67, PO. 
Box 1398, St. Joseph, MO 64502. 

1(800) 


Boat Kit; MO: (816) 233-506. 

BOAT KITS - 50 

Designs - 8'/10'- ye Plywood = Fiberglass - 
- Cruisers 


POWERS! lou: 
boats - Hydroplanes - Runabouts - Duck- 
boats - Canoes - Kayaks - Dories - Prams - 
SAILBOATS - Daysailers - Trailersailers - 
Multihulls - SUPPLIES - Epoxies - EE 

esters - Cloth - Foam - CATALOG $3. 


building $6.00) CLARKCRAFT 16-S Aqua- 
lane, Tonawanda, NY 14150 


EVINRUDE—OTHER BRANDS 1985 

BARGAINS...All Sizes..$2.00 Handling. 

Scott McCulloch parts...Electra Marine, 

90 Merrick Road, Lynbrook, New York 
563. 


DISCOUNT MARINE ЗШ Free 
discount catalog. Wagner Marine, 3700 
Lapalco Blvd., Harvey, LA 70058. 


AUTO SUPPLIES & EQUIPMENT 


ALTERNATOR Generator Rebuilding 
Book. Price: Hedelund Engineering, Box 
26024, Las Vegas, NV 89126. 


ENGINE п. KITS: WHOLE- 
SALE CATALOG $2.00. E.S.G., Dept. PS, 
Box 13053, Lansing, MI 48901 

MOTALOV ring valve job while dri ing 
guaranteed $10.00 two $18.00 postpai 
Andris, Box 34081, Dept. 5, San Francisco, 
CA 941; 


RUST-CURE eliminates rust and pro- 
tects against rerusting. Liquid formula 
applies easily to rusted objects. Saves 
money and time! $6.95 + $1.50 P&H. Cor- 
acle Products, PO. Box 29547, Cleveland, 
OH 44129. 


10,000 AUTO PARTS below wholesale, 
in stock for immediate shipment! FREE 
information. Consumer Auto, 10420 Lack- 
land, St. Louis, MO 63114. 314-427-0890. 


Removes: 
ase, tar, ink, paint, adhesives. Gentle to 
ands. 100 washings $6.45. Money back 
ARK Sales P.O. Box 1414, 

Boulder City, NV 8900! 


HOMEBUILT EXCITEMENT Build 
“CHOPPY” hobby helicopter. Simplified 
construction—motorcycle engine. i 
$20. US, brouchure: $3. POLYNOVA 
670-8, St. Remi, Quebec, Canada JOL ZLO. 


AMAZING 
CLIMBS to 10,000 feet NO 
required NO WINGS or Helicopter bladi 
FOLDS to fit in trunk of car SAFEST, 
est, Cheapest way to fly for complete info + 
FREE Demo flight send $5.95 to: Freedom 
Fliers, РО. Box 135B, West-Pittston, PA 
18643. (Buy One Be A Dealer If Open.) 


PUSH CART 


KIDS LOVE HERBY DERBY, 


MOTORCYCLES, BICYCLES & 
SUPPLIES 


BUILD A RECUMBENT BIKE 


For Under $100. 
For Step By Step 
МАЈ ENTERPRISES 


Satisfaction Guaranteed Or Your Money Back 


AUTOMOBILES 


J SPORTRAN со. 
РО. Box 7077S, 
[aae Garnet э Yur Maney Ber Endicott. NY 13760. 


PLANS $9.95 


SAV-A-LIFE ANIMAL WARNING SYS- 
TEM for motor vehicles - $29.95 Visa. 
Mastercharge, Free information. Effective 
Safety Equipment, Box 958, Estes Park, 
CO 80517. (303) 223-8731 


МАРОА Carburetor Triples MPG. Free 
Information. H&A, R2PS, Bowling Green, 
МО 63334. 


1791b flying machine | 
LICENSE 


JET GOKART HIGH PERFORMANCE! 
Easy construction, no welding, build under 
$200.00 including engine. Plans $7.00 
Envehicles, 1340A Lancaster Avenue, 
Lunenburg, MA 014! 


HYDROGEN AUTO FUEL FROM WATER. 
Amazing Free Report. Merit, Box 5363, 
Louisville, KY 


CARBUYERS! 
Advantage Publications, 18861 Gregory. 
Huntington Beach, CA 92646. 


ALTERNATE ENERGY 


200 EXOTIC ENERGY INVENTIONS, 
RARE TECHNICAL DATA. ASTOUNDING 
$2. REXSEARCH, 


USSR uses Tesla's theories 
in modern warfare and 
weather control. 


[READ ASOUTTTIN.] 
"Soviet Scalar 
Electromagnetic 
Weapons" 

Send $1.00 or catalog 
TESLA BOOK CO. 


P.O. Box 1685 
Ventura, CA 93001 + 805/643-0432 


“SECRETS OF SUPPRESSED TECH- 
NOLOGY" Catalog Shipping $1.00. Sun- 
Box 11233PS, Ocala, FL 32673. 


lection, Catalog $1 
„ Box 2773, Stauton, 


SURPLUS 
MAGNETS. Huge ч 
Applied Photovolt 
Virginia 24401 


BUSINESS OPPORTUNITIES 


COOL-TOOLER, INC. 


Exceptional business opportunity becoming dis- 
tributor for NEW product! 12-Volt Cooler and 
Tool Storage box built in one, for pick-up trucks 
of all sizes. Up to 40 pounds Cooling/approxi- 
mately 7 cubic feet Dry Storage. Uses vehicle 
нр installs їп minutes. 1 yr. warranty, 
IOUSANDS possible weekly! Special trial offer. 
Limited number distributors accepted. 
Send $5 for color brochures and details or call 
615-484-4780. (Serious Inquiries Only) 
Cool Tooler Inc. Manufacturer 
2906 North Main Street, Dept P! 
Crossville, TN 3855: 


AVIATION 


e HELICOPTERS 


5 ае fme. Пил 
Available „Абиш... ЕШШ 
You Can Build for Under $900 


Vertical Такво! and Landing 
Hover Flght/No License Required 


FREE HYDROGEN FUEL and Oxygen 
Jenerator uses Water and Solar Cells. 
id Kit $12.00. Prairie Power, Box 
Edmonton, Alberta, T6H 010, 


ELECTRICAL SUPPLIES & 
EQUIPMENT 


INSTALL your own telephones! profes- 
sional secrets revealed! easy, safe, guaran- 
teed, $495 to Alan Hays, 350 Granada, 

ial 


THREE PHASE ELECTRIC from single 
phase without covertor. Send $5.00 and 
receive detailed information on how I did 
it. 3 Phase, 4985 Marion-Mt. Gilead Rd., 
Caledonia, OH 43314 


TELEPHONE EQUIPMENTS 


INSTALL your own telephones! profes- 
sional secrets revealed! easy, safe, guaran- 
teed. $4.95 to Alan Hay 
Rialto, CA 92376. 


SAVE GAS NOW 'S GUARANTEED 


А revolutionary idea can help you gain from 
5 to 8 M.P.G. and more on your car, truck, 
or motorhome. Simple instructions, short time 
installation with money back guarantee if 
mileage is not increased. Allow 4106 weeks 
for delivery. Send $9.95 plus $1.00 P&H 
to: FUEL INNOVATIONS UNLIMITED, P. O. 
BOX 222, 862 FARMINGTON AVENUE, 
BRISTOL, CONN. 06010 


FREE COLOR CATALOG! 
Have the best flying kite in the sky. 
Choose from over 140 unusual kites. 
[ Call or write for your catalog today! 
I Into The Wind * (303) 449-5356 [| 
| Eje -P Broadway, Boulder, CO 80302 


Sarasa os cneerorm o, 


He Кы 
Бок 50489 Dept С 
ПО Mide Ci OK 


BOO! HI-TECH RETURNS! 
Polycarbonate Paxolin, Wood Constructed! 
World's Best! collectible 11th Annual Cata- 
log. FREE! BoomerangMan, 1806-2 N. 
38th, Monroe, LA 71021-4222. 


The Homebuilt 


т: С 
кӣ SS 
p О. Bos 
USA, 


June! 1987: | 129. 


TOOLS & MACHINERY 
WHILE THEY LAST! HOMELITE 2° WATER PUMP 
We ship UPS 
Cont ony $1.59” 


* Pumps 8400 gal. per hr. 
* Briggs & Stratton Engine 
: Pumps liquid fertilizers 

* Model AP-220 


BRADIS 
Ph: (317) 856-8880 


6939 Kentucky. 
Camby, Indiana 


THES 


эмиз 
E 
E 


PRECISION 
INSTRUMENTS, 


Сотоьс 5 


4" METAL Cutting Lathe $104.50. Taig, 
15048 Proctor, Industry, CA 91746. 


SMALL FOUNDRY Furnace. Supplies 
Free Literature. Pyramid Products, Dept 
М, x, AZ 
85041. 


“SHARPENERS REPORT" Monthly 
Newsletter, Sharpening Guidebook, Angle 
Wall Chart, Free details. Skog Company, 
Dépt PS6, PO. inneapolis, MN 

42: 


BOLTS, SCREWS, TOOLS. WHOLE- 
Guaranteed. 
Camelot, Dept. 3 

5, Bristol, Wisconsin 53104. 


FREE CATALOG! Apex ® Power Screw- 
driving Bits, Acc „ Bargains. Write. 
Shockey's, 5841 Longford, Huber Heights, 
OH 45424. 

BANDSAW BLADE WELDER. We 
blades up to Winch. Uses 12 volt utility 
battery for power Weld 
ranty, and complete 
plus $4 shipping and 
CO. INC., РО. Box 17: 
54913. 


6 South 7th Avenue, Phoe: 


ppleton, WI 


NEW PATENTED 
EASY-TO-CLEAN 
MIXING MACHINE 
FEATURING — 
REMOVABLE POLY TUB 
$308 FON. 
$5 QUT. 
CALL (813) 584-8105 
COD FREIGHT PREPAID 
KEY LABORATORIES. INC. 
1185 BASKINS AD. LARGO FL 33544 


OR WRITE 


BRASS NUT KIT, 6/32 through 3/8-1 


over 650 pes. $12.95 + $2.00 Shipping. 
D&S PRODUCTS, 705-E Racetrack, Alex- 
, KY 41001. 


LATHES - MILLING MACHINES 
MACHINE SHOP SUPPLIES - TOOLS 


Box 536-PS Hurricane, WV 25526 304-562-3538 

Uninat-Conpact*Mazimat-MvfonSherlines tins Jer 

REPRESENTATIVES OF MANY MANUFACTURERS 
Toll Free Number For Orders 


ALL TERRAIN VEHICLES 


BUY ONE AND WE'LL MAKE 
YOU AN EXCLUSIVE DEALER* 


те ATV 


passenger 
models 


DO IT YOURSELF 


АЛЛ 


SCIENTIFIC & ELECTRONIC 
D 


PLANS-tuid Yoursell—All Parts Available In Stock 
* LC7—Buring Cutting OO, Laser 5200 
* RUB4— Portable Laser Ray Pistol ET 
* TOC1—3 Separate Testa Col Pars to 1 5MEV... 20.00 
* 10G1—ion Ray Gun 1000 
* GRAI—Graviy Geneaior 1000 
* EML1—Electro Magnet Coi GuvLauncher 500 
KITS 
$ METIK—FM Voice Transmitter 3 mi H3 
39. 
* BIC3K—-250.00 Volt 10-14" Spark Tes Cal... 199.50 
* LHC2K—Simulated Multicolor Laser. 95) 
00,000 Wat Blaster Defense Device... 6950 
0 000 Vott 20 Affective 

Range Intimidator 69.50 
= PSPAK- Time Variant Shock Wave Pistol 95 
* PTGIK—Spectacular Plasma Tornado Generator 139 50 
* MVPIK See In Dark Kt 1950 
ASSEMBLED 
* PG70H— Multicolored Variable Mode 

Plasma Globe 7 450 
+ BICI0-50,000 Voi Word s Smalest 

Tesla Col 450 
* LGU40—1MW Неће Visible Red Laser Gun. 29950 
* TATZO Auto Telephone Recording Device 2450 
* GPV10—See In Tol Darkness IR Viewer... 298.50 
* LIST10— Snooper Phone infinity Transmit. 169.50 
* IPG70—Invisible Pain Field Generator— 

Mult Mode 69.50 
* Catalog Containing descriptions of above plus 
hundreds more available for $1.00 or included tree 
with all above orders. 
Please include $3.00 PH on all kits and products plans 
are postage paid. Send check, MO, VISA, MC in US 
funds. 
INFORMATION UNLIMITED 
P.0. BOX 715, DEPT. P8, AMHERST, NH 03031 


BUILD YOUR OWN PICNIC TABLE, 


Blueprint, complete material list, and easy 
detailed assembly plans, $1 rough- 
ams Contracting, Box 69, Driggs, ID 


83422. 
Long Distance $169.00 rostraio 
Surveillance 7——————— 
via your 
telephone. 
зей —— 
2000 iets you | Р 
discreetly Ё а 
listen in on un 
activities on any premises. 
ча the telephone. This small device 94" х 314" x 
T) plugs into any modular jack. Does not requie 
beeperípager. A 4 takes is a touch tone phone. Simply 
cal he number Tele-Monitor is attached 1o, then access 
by pushing the correct touch-tone buttons. Once 
activated, Tele- Monitor's super sensitive mike picks up 
the most minute of sounds: a door or window opening, 
muffled sounds of burglars at work, cries for пер, а 
smoke alarm — any unusual sound. Compatible with 
any American phone exchange. Up to four units can 
be attached to one phone ine, so you can monitor from 
тот to room. Normal phone operation в not affected 
American-made. state-of-the-art and priced right for 
ust 516900 postpaid (additional units $150.00 each). 
Order by тай: 

GUARDIAN COLLECTION 
Dept. PSS, Caller Box 418310 
Kansas City, MO 64141 
MS/VISA and COD order TOLL FREE 1 (800) 821-5157 


"jf the territory still is open. 


Call Toll-Free 1-800-255-2511 
NY and Alaska 716-855-2226 Collect 
Canada Toll-Free 1-800-338-0012 
Recreatives Industries, Inc. 


60 Depot Street, Buffalo, NY 14206 


200 SUPPRESSED INVENTIONS! 
FREE ENERGY, LEVITATION! RARE 
INFO, PLANS: AMAZING 40-PAGE CAT- 
ALOG! $2: INFOLIOS, BOX 1258, 
BERKELEY, CA 94701. 


PVC PIPE FURNITUREPlans, Kits and 
. Free Brochure. Casual, Box 208- 
sbury, MA 01876. 


TELEPHONE LISTENING DEVICE 


Record еюге conversations in your онсе or 
nome Connects between any cassene or lape 


Super Powerful FM TRANSMITTER 

Mary Imes more power man omer ransters 

Transits upto % mie їз any FM race -Easy 10 

Assemble K - up o ЗУ banery fect me!) 

Far catalog ol Transmaters, Voce Scrambers and 

omer specaty tems. enclose $2 00 ia USI Corp 
Call 205-725-1000 or send $19.95 + $1.00 


VOICE Disguisers! ЕМ Bugs! SWL 
Active Antenna, Receivers! More! Send 
stamped envelope: XANDI Electronic, Box 
25641, Tempe, AZ 8528 


PROJECTION TV... Convert your TV to 
proieet 7 Foot picture... Results compara- 
le to $2,500 projectors... Total cost less 
than $30.00... Plans and 8” Lens $21.95 
Illustrated information FREE. Macroco- 
maraj Washington Crossing, Penneylva- 
nia 18977. Creditcard orders 24HRS. (215) 

/79. 


KITCHEN REMODELING EURO- 
PEAN CABINETS, ready to assemble: 
install. SAVE HUNDREDS. Layout/Plan- 
ning kit $5.00 (refundable with order) 
Konstruct -A- Kitchens, Dept. PS104, PO. 
Box 640316, Miami, Florida 33164 


HYDROGEN AUTO FUEL FROM 
WATER. Amazing Free Report. Merit, Box 
5363, Louisville, KY 40205. 


4321 CATALOGS listed. Sources For 
Anything! $5.00 Catalogs. Box 92452X, 
Atlanta, GA 30314. 


SOLAR, GREENHOUSE, AND 
ENERGY SAVING PRODUCTS CATA- 
LOG! 80 pages. Order from one expert 
source. America's largest energy saving 
mail order house! $1.00 postpaid. Solar 
Components, Dept. PS, 88 Pine, Manches- 

03 


PICKS UP A WHISPER 50 FEET AWAY 
The model WAT-50 miniature FM transmitter 
uses a 4-stage circuit NOT to be confused with 
а simple wireless microphone. Simply snap the 
unit on top of a 9V battery and you can hear 
every sound in an entire house up to 1 mile 
away! Use with any FM radio. Tunes to any 
frequency from 70mhz— 130mhz. Easy to as- 
semble kit includes all parts and instructions. 
Only $29.99 tax inci 

Сай or send MO, VISA, MC for immediate de- 
livery. Include $1.50 S&H. FREE SHIPPING 
оп orders of 2 or more. All orders shipped by 
US. Mail. COD add $4.00. Personal checks 
allow 21 days. 

DECO INDUSTRIES 
BOX 607 
BEDFORD HILLS, NY 10507 
914-232-3878 


MICRO BUGS 


Highly advanced bu uipment. Ultra 
small transmitter 
pen bugs and much more. Send $2.00 to 
MICROCOM for catalog 
(REFUNDABLE). Unbeatable 
prices. 
MICROCOM TECHNOLOGY 


ох 34; OH 44134 


BIG THEATRE-QUALITY SOUND 
FROM YOUR TV. Ilustrated plans show 
how. Non-technical. $4.95. ALPHA. PS67, 
Box 288, Westville, IN 46391. 


ELECTROPLATING. Complete text- 
book. Electroplate metallics - nonmetal- 
lies. $11.95. Details free. Tropic, Вох БЕ, 
Palm Bay, FL 32906-0095. 


GEODESIC DOME SHELLS 48’ & 39 
Diameters. Advisor for shell assembly. 
Canterbury Domes, 815 Canterbury Road, 
Kings Mountain, NC 28086. 704-739- 


7212. 


LOW COST, FUN EASY TO BUILD PLANS. 
All Parts are Cheap & Easy to find. 
Powerful Metal Detector— $5.00, Bugging 8 Survei- 
lance Equipment— $5.00, Radio Control System for 
Models & Robotics $5.00. Powerful Parabolic 
Microphone — $5.00, Powerful Parabolic Microphor 
—$5.00, Electronic Weather Station— $5.00, Elec- 
ironic Dark Room. $5.00. Home Security System— 
35,00, Car Security Sysiem_—$5.00, Any $ plans 

'$20.00—All 8 for $30.00 FREE WITH ORDEI 
useful gadgets for your Home & Car! HUGE САТА- 
LOG of plans. kits, unusual items $2.00. 

Design Craft, Р.О. Box 146, Eden, NC 27288. 


= 


(credit towards | 
RIESS, Box 54625-4625 Phoenix, 
85078. 


AIR CONDITION, refrigeration, home, 
automobile. Nuts, bolts, troubleshooting, | 
and repair the easy black box method. 
$14.95 guaranteed. E. Z. Way, 215 Postof- 
fice Suit 1205A, Galveston, TX 77550. 


POWER TOOL ELECTRONIC MOTOR| 
SPEED CONTROLLERS Many models. 
Other control devices, $15.95 up. Free’ 
information. Progressive Controls, Box 
768C, Dearborn, MI 48127. 


rts, complete units. 
A 


Darts, farm equipment or any metal surface. This portable unit 
removes rust and paint at a rate of one square foot per minute 
continuously and i bull fom common inexpensive materials, 
Simple step by step guide shows how to convert a VB engine. 

эмо a powertu 4 cyl engine . 4 cyi compressor combination 

No complicated machine work Money back guarantee И not 

Completely salıshed 


r, 


Sen $1500 plus $1 00 nandhing to 


DESIGN PUBLICATIONS 
РО Box 102-5 
Columbia, 62236 


PLANS & BLUEPRINTS 
30 Electronic Product Designs/Sche- 


matics $5.00. Р.О, Box 378, Bay Pines, FL 
504-378. 
DECK For COMFORT-IMPROVE- 


ideas, tips, . PD. 
PO. Box 5836-5, Lynnwood, WA 98046. 


GARDENING 


1 EARNED $5,000 ON Ya ACRE gro 
iental Vegetables, Growing/Market- 
ing/Seed — Source Booklet, — $4.00. 
SCHERER, Box 250PS, Ewing, VA 24248. 


GARDEN SUPPLIES & EQUIP 


OZARK Handle Catalog. Box 390-8, 
Eureka Springs, AR 72632. High Quality, 
Low Cost, Replacement Hardwood Tool 
Handles. Send $2.00. (Refundable.) 


HOME REPAIRS, REMODELING 


SAVE THOUSANDS On Your New 
Home With Contractor's Guide. Send $3.95 
to: J. Cotton, P.O. Box 3302, Galveston, TX 
77552. 


PATCHES DECALS & BADGES 


GUARANTEED Lowest Emblem Prices! 
Pins. Decals. Free Catalog/ Quotes. Stadri, 
61R Jane, NY 10014. (212) 929-2293. 


WANTED TO BUY 


PHOTOS NEEDED NOW! All subjects, 
earn hundreds of dollars for your Pictures! 
Please send $5.00 for complete details and 
information on types we are buying. Calen- 
der Industries, PO. Box 1356, Jupiter, FL 
33468. 


FOREIGN PERIODICALS 


WORLDWIDE ENGLISH NEWS- 
PAPERS/MAGAZINES! Sampler: 4/$2.98. 
FREE BROCHURE. MULTINEWSPA- 
PERS, Box DE-36, Dana Point, CA 92629. 


ASTRONAUTICS 


AMAZING new discovery. Detect space 
spheres. Informative booklet $4.00. 
Research & Development, PO. Box 465, 
Parkersburgn WV 26102. 
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BUILD YOUR OWN 
ROCKET MOTORS! 


* 40 POUNDS THRUSTI 


* FIFTY CENTS EACH! 
* BUILD A DOZEN IN 
AN EVENING! 


ЗО LEVITATION METHODS! AMAZING 
CATALOG. $1: Rexco, Box 
258, Berkeley, CA 94701. 


MAN MADE THUNDER— Simulates 
under Booms at high altitudes. Very 
pressive! Construction manual $9.95. 
jorkshop, Box 364, Fairbury, NE 68352. 


HIGH POWER MODEL ROCKET KITS 
AND MOTORS. "D" thru “J” power. Cata- 
log: $1.00. High Sierra Rocketry, 1800 Sev- 
brn Drive, Reno, NV 89503 


BUSINESS OPPORTUNITIES 


NEW Discovery in Battery recondi 
ng. Eighteen months guarantes 

ig Profits Fast! Electoan, 7415 Gable Dr. 
ittle Rock, AR 72205. 


$100 POUND From "Junked" Tires. 
Samp Appreciated), LaVallees, Foun- 
FL 32438, 


IMPORT-Export opportunity, profitable 
rld-wide, mail order business from 
home, without capital. We ship plan for no 
risk examination. Experience unnec 
sary. Free Report. Mellinger, Dept. A2696, 
Woodland Hills, California 91367 


BUMPER Sticker Print 
le, Portable. Free 
LC), Tampa, FL 


LEARN MIRROR RESILVERING, Free 
Information. Silvercraft, Box 127, Lans- 
downe, PA 19050. 


ALUMINUM SCRAP- 
МАКЕ $25.00/POUND! Free Informa- 
tion: Industrial-PS76, Box 127, Alexandria 
Ү 13607, 

REPAIR HYDRAULIC JACKS—Free 
details. Hydraulic Pa з , Dept. S, 
Box 415. 


RECYCLE METALS. NO, NOT BEER 
CANS! Easy $458 weekly! Free informa- 
tion, Hornsbys, Box 1214, Franklin, TN 
37065-1214. 


MAKE HOMEMADE BOOKLETS. I'VE 
EARNED $187,000 WITH MINE. MONEY 
NEVER STOPS! Free information: Dasher, 


Cheap, Sim- 
imper, РОВ 


MECHANICALLY inclined individuals 
lesiting High Weekly Profits operating 
Small Manufacturing business Without 
investment write: Businesses, 92-P Brigh- 


Huge Demand), Revealing Proof 50¢ 
Refundable), Woodwins, Bridgewater, MA 


cs— inexpensive, pleasant, practical! Fi 
nformation, Planter's, Box 1214, Franklin, 
ГМ 37065-1214. 


SPARE time fortune in Vinyl Repair. 
luge demand creates exceptional profits 
Ne supply everything, Details free. VIR. 
Д lontrose, Chicago 60618. 


MAKE Rubber Stamps. Highly Profit- 
ible Business. Free Details. Stamper, POB 
2809 (LLC), Tampa FL 33622 


$1,000's WEEKLY! Home Mailing Pro- 
гат. Century, Box 2659-PS, Danbury, CT 
6813. 


UNLIMITED INCOME! Sell Computers 
¢ Software from your Home/Office. to 
Businesses, Schools & Government. No 
?xperience Necessary. Dealers Discount 
ат send $1. to: ммс, Box 655. 
shire, NY 14173. 


Yor! 


USE YOUR GARAGE TO EARN $50 DAILY 
OR MORE SHARPENING DRILLS WITH 
OUR AMERICAN MADE 
MACHINE. WE OFFER FREE TRAINING TO OPERATE THE 
MACHINE & YOUR BUSINESS. THE “CHAMP” SHARPENS 
DRILLS 1/16” TO 3” DIA. TO MEET ALL DEMANDS. REQUEST 
INFO. & LEE'S SUCCESS STORY. J&A MACHINERY, 3136 
FEDERAL, EL PASO, TX 79930, 915/565-2868. MADE IN USA. 


“CHAMP” SHARPENING 


ТАКЕ Catalog Orders. We drop-ship 
2955 best-selling specialty products. Low- 
est below wholesale prices. Immediate 
delivery. Spectacular home business oppor- 
tunity. Free Book. SMC, 9401 De Soto Ave., 
Dept. 28-78, Chatsworth, CA 91311-4991 


$1000 weekly mailorder 
quon. Noobligation. 
elch-PS, Ames, IA 50010. 


SCREEN Print T-Shirts. Inex 
kits. Free Details. “T-Printer.” POI 
(LLC), Tampa, FL 33623. 


MAKE BIG MONEY REPAIRING WIND- 
SHIELDS, & Plate Glass! Up to $60,000 
yearly! Call TOLL-FREE for Valuable 
FREE report. +800-32+-2597. Glas- 
Weld Systems, Box 5155-06, Bend, OR 
108, 


LEARN Sewing Machine Repairing. 
Men, Women, Lucrative Profits. shin 
Correspondence School, Box 5104, Spencer, 
ТА 51301-0804. 


SELL HOW-TO BOOKS BY MAIL 


UP To 2000% PROFITS 


START NOW! 
We drop shipped at very low prices. books 


Immediate 
Enterprise, 210 
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Money Making in mai order industry 
d catalogs Send $100 for 


LONG PUBLISHING, Dept P27, 
Box 1465. Garden Grove, Ci 5 


$10,000 MONTHLY Taking Photo- 
gray i Home! Call recorded message: 
) 674-815 


$40 - S10B/hour. Restore Damaged 
Countertops WITHOUT REPLACEMENT. 
Millions of apartments, homes pay profits 
immediately! Free Information, RENEW, 
Box 19 Portland, OR 97219. 


A FINANCIAL SUCCESS SHOWS YOU 
HOW! Free Details. Sase. Success, 4935 
NW, Kahneeta Dr., Portland, OR 


PROFITABLE Gold Foil Printer. Person- 
alize business cards, pencils, matches. Free 
ж Gold, РОВ 24986 (LLC), Tampa, 
FL 33623. 


MAKE BALLOON ANIMALS. $400 
Weekends! FREE SAMPLES/INSTRUC- 
TIONS: Funnymans—PS76, Box 250. 
Alexandria Bay, NY 13607. 


GET RICHI! Secret law smashes debts: 
brings cash credit! Details FREE! Wealth- 
Вох 4036, Pom 


GET RICH using OTHER PEOPLE'S 
MONEY! Unique—amazing business! 
Details FREE! Finance-S, Box 4605. Mar- 
gate, FL 33063. 


$25,000 LOANS INTEREST FREE! 
Secret Federal law WIPES OUT PESTSI! 
5, Box 636679, 


PIANO TUNING PAYS: Learn with 
approved home study course. Diploma 
granted. American Tuning wol, 17050 
felfer Dr. Morgan Hill, СА 9: 


INCREDIBLE Income! Sell information 
by mail. Details: MC| 231-32 Merrick 
Blvd., Laurelton, NY 11413. 


CONCRETE Block Machinery; Catalog. 
$1.00. Route One, Box 3740, Rapid City, 
South Dakota 57702-3740. 


LITTLE-XNOWN SECRET REVEALED" 
Buy Dirt Cheap - Automobile: 


VENDORS NEEDED! No experience or 
investment. required. Begin immediately! 
Paid monthly, Write: Caligan, 3368 Gover- 
301, San Diego, CA 92122 


START A Janitorial Cleaning Service! 
Make Big Money Fast! Write: Stella, Box 2, 
Hamburg, NJ 07419, 

ADVERTISE free in 507 Magazines. 


$5.00. Directory, Box 11W, Atlanta, GA 
30301 


$15,000 MONTHLY INCOME! Easy 
g Plan. No Investment. 
McDowell, PQ-6, 3660 Wilshire, Los Ange- 


MAKE-SELL ACRYLIC With 
Colorful Designs, Professional. Highly 
Profitable Business. Free Brochure. PEA- 
COCK DESIGNS® INC., PS-687, RO. 


at home! Beginners are earning $1000.00 
monthly using the methods of this best 
ling book. Send $4.00 to: Cargill Publi- 
cations, 600 N. Oakland Ave. Box 1A, Pas- 
adena. CA 91101 


MAILORDER BUYERS! ALL CATAGO- 
RIES. COMPUTERIZED IN ZIP CODE 
ORDER. THESE PEOPLE WILL 
RESPOND То Mailorder Offers. Guaran- 
teed Deliverable! For Full Details Rush 
‘To: Lindco, 1380-156th N.E. #275-P, 
WA 98007. 


“HOW TO” Business opportunities and 
home profitable business books, No experi- 
FREE DETAILS. Daneil Publi: 
allee. Dept. S6, Visalia, CA 9 


Belle 
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EARN $60,000 VEARLY 
SMALL CRACKS IN WINDSHIELDS 
NOT REPLACING THEM. CALL TOLL 
FREE 1 (800) 826-8523 OR WRITE: 
THE GLASS MECHANIX INC. ВОХ 


EXTRA MONEY: Be an Area Distributor. 
Thousands of different products, send 
$5.00 for Starter Package. Future World 
Enterp 95 East Liberty Hill Road, 
York, SC 29745. 


INCREDIBLE HOME BUSINESS. 7 
HOTTEST Profitable Businesses of the 
\з. No Get Rich Schemes, But Honest 
cts: GARANTEED. For Free Information 
Wate Rutherfords Publishing, PO. Box 
ап Jose, CA 95150-4866 


REVEALING DETAILS on all money 
making opportunities. Read before you 
decide. Free information. Insight-B, Box 
60117, Tucson, AZ 85751. 

SUCCESS! WEALTH! FREEDOM! 
Yours in this dynamic home business. 
Write: FREE DETAILS, Box 27546-PS6, 
Lakewood, CO 80227. 


FREE! GOLD MINE OF HOME BUSI 
NESS OPPORTUNITIES. EAGLE, 
#SP- 83 SOUTH 200 EAST, SALT 
LAKE CITY, UTAH 84115. 


$250,000 Home Mailorder Business. 
FREE Information. CMP-6, Box 23134, 
Honolulu, HI 96822. 


REMARKABLE! Home Business. Free 
Details Mar, 718 Brookside, Sierra 
Madre, CA 91024. 


INCREDIBLE NEW INCOME OPPOI 
TUNITY! Explained on VIDEO $15.00 + 
$3.00 Handling. "GUARANTEED 
REFUND" if you buy program or not. 
Video, Rt. 1, Box 42, Malad, ID 83252. 


UNIQUE! — Money-making how-to 
reports, booklets, courses. Proven win- 
ners. Wholesale’ catalog: $1.00 (refund- 
able); Mediagraphies, Вох 15888, 
Sacramento, CA 95852 


INCREASE YOUR CASH FLOW! Piloted 
ultralight Blimp. Simple tools, materials, 
No license, Experience, Safe, Complete 
lans $29.95. Thistledown Airships, 50 
East Kelsey Ave, Salt Lake City, UT 
84111 


NEW IMPORTS NEWSLETTER. For- 
eign manufacturers seeking American dis- 
tributors/representatives. Free informa- 
tion. International, Box 636-PS, Newark, 
NJ 07101 


HAVE DIRECT MAIL OR MARKETING 
EXPERIENCE. SEND FOR APPLICAT- 


at home. 


1000'S MONTHLY Working at jer 
St., Tulsa, 


R.K. Enterprises, 10624 E. 38tl 
OK 74146. 


MAILORDER Opportunity: Start 
profitable home business without experi- 
ence or capital. Information Free. Mail 
Order Associates, Dept 758, Montvale, NJ 
07645. 


SUCCESS WITHIN SIX MONTHS in 
your home based business if you follow our 
lan. RALDAY, Box 13880, St. Paul, MN 
551 


WHICH home businesses pay 
Don't? Free details. Victory Lane, 
64895, Lubbock, TX 79464. 


AGGRESSIVE MULTILEVEL MARKET- 
ING PLAN. No Get rich quick scheme but 
hundreds or thousands possible with a lit- 
tle hard work! $2.00 and Sase to: Green 
Dept. H, PO. Box 8178, Bartlett, IL 60103. 


YOU too can have a profitable home 
business. Guaranteed. Box 566, Chardon, 
Ohio 44024. 


$1000 WEEKLY Made At Home. 
Stamped Envelope: Center, Box 931747, 
Los Angeles, CA 90093. 


HIGH PROFITS! Selling information 
mail. Free details: Richard, PO. Box 
14757P, Gainesville, FL 32604. 


Which 
Box 


BEAT Financial Crunch. Easy Proven 
Methods. Free Details. Hook Hunter Di 
tributors, P.O. Box 117195, Burlingame, 
CA 94011-7195. 


SCWL Subliminal Tapes Wholesale: 
Write: Life Enhancement, 811 Moulin, 
Madison Hgts., MI 48071 


LEARN Piano Tuning. Big Profi 
Empire School, Box 1014PS, Jupiter, FL 
33468-1014. 


FREE! TREASURY OF HOME BUSI- 
NESS OPPORTUNITIES, POPCO, BOX 
34370, BARTLETT, TN 38134-0370. 


MILLIONAIRE Mailorder Expert 
Reveals Money-Making Secrets. Free, 
Exciting, Hour Cas A Powers, 


rtuni- 


YOUR Name sent to all listed op 
ton, ND 


$2.00. Horizons, Box 23, Сга! 


ч 
58237. 


RECONDITION BATTERIES. Easily 
Earn Hundreds Weekly. Untold Secrets. 
Information. y Outlet, Box 


LOANS. Start part-time. Investment 
Experience Unnecessary. Financial #EB- 
06, Box 430: C 91791 


NET OVER $96,000 A VEAR 

| Send $14.95 for complete program to own 

and o your own Auto Tune and 
No experience necess: 

| EBEN. Box 7071, Northridge. CA 91327. 


LEARN PARTY CLOWNING..530/hour!! 
Free Information. LIMELIGHT, 268 
North, Fifth Avenue, Price, UT 84501. 


HOW to get 5000 circulars printed and 
mailed free. This business secret is a 
MUST for SUCCESS in mail order. Only 
$2.00. Performance Resources Inc., 1512 
McFarland Ave., Rossville, GA 37401. 


MAKE $750 NEXT WEEKEND GUARAN- 
TEED! SEND $49.95 FOR COMPLETE 
PLAN TO: PREBLE, 655 ENTERPRISE 
#7, ROHNERT PARK, CA 94928 


IMPORT/EXPORT Buy Products DIRECT 
From Foreign Manufacturers and Suppli- 
ers Around The World, (Eliminate the Mid- 
dleman) GUARANTEED!!! 3,000 Page Full 
Color Import ‘Trade Directory Available. 
Send $10 to: DETROIT INTERNATIONAL 
INC. 11800 Merriman Rd., Box 9108, Livo- 
nia, МІ 48151 (USA) 313-478-9432 Out- 
state 1-800-334-5184 
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PROFITABLE OCCUPATIONS 


HYDRAULIC JACK REPAIR MANUAL 
and catalog $5.00. Hydraulic Parts Supply, 
Box 4157, Brownsville, TX 78523-4157. 


REPAIR lawnmowers thousands of parts 
and tools wholesale list 50e. Ellwanger's 
PS, PO. Box V, Port Jervis, NY 12771. 


EDUCATION & INSTRUCTION. 
FREE Lifetime. Ordination. Become 


Chaplain, Missionary Evangelist, Bishop. 
Вох 744-PS, McKeesport, PA 


Imagine. . .124 pages of hard to find 
educational and innovative products 
‘on human anatomy and health 
related topics. Anatomical charts. 
medical books. . . training models 
skeletons. . . health education series 
ind more. 


CALL TOLL-FREE 1-800-621-7500 
ios cal еве 31217647171 


СА! 


7124N. Clark St., Chicago, IL 60626 


LEARN WHILE ASLEEP! Astonishing 
New Method! Strange Catalog Free! Auto- 
suggestion, Box 24-A, Olympia, WA 98507. 


UNIVERSITY DEGREES WITHOUT 
CLASSES. BACHELOR'S, MASTER'S, 


SUPERLEARNING! Triple. learning 
speed through music! Develop Supermem- 
ory; control stress. Free— book excerpt & 


catalog. Suj TURA ning, 450-PS6 Seventh 
Avenue, N. 
SUPER-INTELLIGENCE! Amazing 


results guaranteed! EDEPS, Box 1462, 
Glendora, CA 91740. 


FREE COLLEGE TAPE External Degree 
Programs Business Administration, Pub- 
lic Administration, LAW (Qualify Bar 
Admission) Fully Accredited, Financial 
Aid, (800) 847-0005 (314) 426-0653. La 
Salle University, 3628 Saint Gregory. 
Saint Louis, Missouri 63074. 


EDUCATIONAL Consortium Offers 
Courses To Degree Level Business and 
Medical Subjects. Consortium Includes 
Sussex, College Of Technology & Bran. 
tridge Forest School. Prospectus Airmailed 
2 Dollars Life Experience Accepted Secre- 
tary SCT/C. Highfield, Danehill, Sussex 
England, Ен ТЕХ. Telex 95246, Fax 
0825-790097. 


MONEY FOR COLLEGE? All stu- 
dens lify for grants, scholarships, 
Ívans. Free information: Student Assis: 


tance Services, Dept. PS-687, 808 Post St., 
San Francisco, CA 94109. 


UNIVERSITIES DEGREES AT HOME. 
Convenient, inexpensive, ^ accredited. 
Write: KENSAM, Box 1383, Far Rock, NY 
11691. 


EARN MORE IN 90 DAYS. Free 1987 
catalogue describes 200 success proven cor- 
respondence Diploma courses. Granton 
Institute, 263B Adelaide Street West, 
Toronto,Canada 


SPECIAL SERVICES 


INFORMATION On Anything. Ferguson 
Research Specialists. 60-15 Woodside Ave- 
nue, Woodside, NY 1137 


MICRODOT identification custom made 
for you. Protect anything. Almost invisi- 
ble. Write for info. I.Dot Inc., PO. Box 6783, 
LA 70606. 


REAL ESTATE. 


CANADIAN COUNTRY PROPERTIES. 
Acreages for recreation, development, 
farming. fishing, hunting, investment, 
minerals, etc. 72ND rms 
available. Titles guaranteed. Catalog air- 
mailed $1.00. Corporation, Suite 
481, 85 Bloor Street East, Toronto, Canada, 
MAW 1B5 


CALIFORNIA. Acreage. Lots. $40 down. 
m monthly. 4602 Ethel, Sherman Oaks, 
СА 91423 


MONTANA LAND 


20 Acres (or more) starting at $6950, with 
5500. down, $98.22'month. Near Beautiful 
Yellowstone Park and National Forests. in the. 
heart of trophy elk, deer, moose, antelope and 
turkey hunting. Blue ribbon trout streams 
Guaranteed Access. INSURED TITLE AND 
WARRANTY DEED. Your Inspection Wel- 
comed. Free Color Brochure. 

Call Today Toll FREE: 1-800-252-5263 
Yellowstone Basin Properties 
1119 N. 7th Ave. 

Dept. PS, РО. Box 3027 
Bozeman, MT 59772-3027 
(406) 587-5469 


HANDLE YOUR OWN LEGAL AFFAIRS. 
Be a Paralegal, Accredited Attorney 
Instruction, Home Study, FREE CATALOG. 
Southern Career Institute, Drawer 67PS, 

8, Boca Raton, FL 33427. (305) 368- 


WORLD WIDE COLLEGE OF AUC- 
TIONEERING, INC. Since 1933. Term 
Soon. Free Catalog COL. Gordon E. Taylor, 
Box 949, Dept. 3 Mason City, IA 50401. 515 
423-524: 


PARALEGAL GRADED CURRICULUM. 
Approved in-depth training by correspon- 
dence. 'KSTONE SCHOOL OF LAW: 


Write for free 
pt. PS, Dallas, 


i 
PO. Box 790906, 
TX 79879) 


UNIVERSITY Degrees! Economical 
home study for Bachelor's, Master's, Doc- 
torate. Prestigious Dd counsels for 
independent study and life experience 
credits, (5600 Students, 600 Faculty). Free 
information - Richard Crews, M.D. (Har- 
vard), President Columbia Pacific Univer- 
sity, 1415 Third St., Dept. . San 
Rafael, CA 94901; Toll Free: 800/227-0119; 
California: 800/5 -5522; or 415/459-1650. 


LEARN SPANISH ON YOUR NEXT 
in beautiful, friendly Venezue- 
la. Write Action Research, Dept. PS, 3333 
Ikeshore Dr., Tallahassee, FL 32312. 


HIGH SCHOOL at home, diploma 
arded. Low monthly payments. No 
lasses, information free. Phone fre 1-800- 
5600, or write: American School, Dept. 
347,850 E. 58th St., Chicago, IL 60637. 


rj 


FREEDOM COUNTRY 
p pris edel ٩ Аа хито и 9060 
own 397 month Trout Ri n; 
‘camping El deer, moose, bear. ADJACENT to Rational 
Forests, near established towns. Yellowstone and | 
Kavana furi nearby GUARANTEED ACCESS INSURED 
TITLE, WARRANTY. eee color Бе photos, 


str РУ 
Deer Lodger Montana 53722- (06) 686-1000 


INSYLA 

Acres. Finest whitetail turkey & small 
game hunting. World class trout streams. 
A sportsman’s paradise. Owner financing 
wilow down pymt. N. Central РА, Write: 
Sportsman's Land Guide, 1517 Washing- 
ton Blvd., Williamsport, PA 17701 or сай 
717-322-2906. 


HOME BUYING? REFINANCING? 
Avoid Pitfalls! Save $10,000s. Advantage 
Publications, 18861 Gregory, Huntington 
Beach, CA 92646. 


YOUR ADVERTISEMENT in the 
Classified Section of Popular Sci- 
ence will reach over 4.5 million 
readers. For details and listing of 
available headings write: Classi- 
fied Advertising Dept. PS, 380 
bei Ave., New York, NY 


HOME CRAFTSMAN 


12 MILLION DIAMONDS sharpen your 
knife in a few strokes. CONVENIENT, 
attach to knife sheath, boat gunwale, 
BBQ. etc. BIG DIAMOND AREA, 
6 x 34" SO EASY TO USE Never have 
а dull knife again. WON'T WEAR OUT. 
Put in several places. INEXPENSIVE 
& GUARANTEED. Order now $9.95 
ea., 2 for $16.95. Add $1 for P&H to: 


The Sharpener 
Dept S, Box 339 
Chalfont, PA 18914-0339 


WOODCRAFT PATTERNS, Windmills, 
Wells, Bird Houses, Whirligigs, Jigsawing. 
Catalog $1.00. 11840 North US. 27, De 
Witt, MI 48820. 


SHOP CHARTS & TABLES 


Decimal Equi 
} Screw a Tap 
Clearance Ной 59% 
lue Sa наба. лауа 
$ Wenner Size d 
1 форте & Area шю 

* Trig Funcions 


Permanent, Rigid Plastic - Durable 
Ring-Bound, EASY TO READ! 
QJ rrooucrs. DEPT. Ps-10. 156 N. WEST ST. ветна. on. 45108 


MICA CUBE COFFEE/COCKTAIL 
TABLES. Easily  Built...Precise 
Plans..$4.00. ACT I Designs, Box 1535A, 
Southampton, NY 11968. 


MISCELLANEOUS. 


PROUD OF YOUR SCOTTISH ances- 
try? Subscribe to The Highlander. Scottish 
history, clans, genealogy, Scottish Ameri- 
can activities, Bi-monthly Money refunded 
if not pleased. Send $10.50 one year to: The 
Highlander, PO. Box 397 S, Barrington, IL. 
60011 


Save on TOP QUALITY 
WATERBED MATTRESSES 


‘Available in King-Queen & Super-Single Sizes Only 


Send Check or Money Order 
(nci. Shipping & Handling) 

1o. Waterbed Wholesale 

1340 W Irving Park Road 

РО Box 127, Chicago, IL 60613 


CASH-PROTEX-BELT. Unique new 
money belt. Heavy duty nylon construc- 
tion. Fits comfortably under clothing. Vir- 
tually undetectable. A must for frequent 
travelers or others with special security 
needs. Send $19.95 (Shipping & Handling 
Incl.) to: Interamerican Engineering, Box 
2013, Sugarland, TX 77487. Texas resi- 
dents add $1.25 for state sales tax. Include 
waist size. Allow 6 to 8 weeks for delivery. 


VIDEO 


SPEEDREADING HAND VIDEO - Read 
three to five times faster, guaranteed! 
Write or call for free brochure: Sj read- 
ing, Box 7443-PS, Thousand Oaks, CA 
91359. 1-800-443-0100, Ext. 140-PS. 


MULTI-CHANNEL MICROWAVE 
TV RECEIVERS 


1927 GU 20 Dish 40+ dB Gan 


AZ 8067 (мї 
$2 Credit on phone orders! 


MOTION PICTURES 


HOME MOVIES, SLIDES, PHOTO- 
GRAPHS transferred to Video Tape! FREE 
Price List. PSVIDEO, 5715 N. Mozart, Chi- 
cago, IL 60659. 


RADIO/TV 


POLICE Scanners, Regency, Bearcat, 
Fanon. HPR. Box 19224. Denver, CO 
80219. 


MAIN BLVD. WASHINGTON, AR 71862. 


SCIENCE & CHEMISTRY 


FREE SCIENTIFIC SUPPLIES and 
CHEMICAL CATALOGS. R.J.M. Labora- 
tories, Inc. presents its latest catalogs con- 
taining scientific laboratory equipment, 
supplies, chemicals and a complete line of 
specialty laboratory glassware, Write 
today for your FREE catalogs: R.J.M. Lal 
ratories (D, PO. Box 899, Santee, CA 
92071. 


ANATOMICAL 


CHARTS, 
SKELETONS, $1.00 Catalog. 
7124 North Clark, Chicago, IL 60626. 


1987 CATALOG, 200 pages. Chemistry, 
Biology, Physical & Earth Science, Nature, 
Dinosaurs and much тоге. Beginner to 
professional. $2.00. Merrell Scientific, 
1665 Buffalo Rd., Rochester, NY 14624. 


“EXPERIMENTERS” 

CHEMICALS - GLASSWARE, Catalogue 
$1.00. Established: 1953. HAGENOW LAB- 
ORATORIES, 1302 Washington, MANI- 
TOWOC, WISCONSIN 54220. 


CHEMICAL & CATALOG 
Full line of chemicals & custom made 
glassware, For free catalog write: Indus- 
trial Chemical & Supply ny, Inc., 
11722 Charles St. Houston, TX 77041 (715) 
466-8776, Texas WATS 1-800-392-4047. No 
minimum 


MAIL ORDER SCIENCE STORE 
Reagent chemicals, Laboratory apparatus 

large Inventory. Same da; shipping on all 
mail and phone orders, Over the counter 
sales. Call for 1987 Catalog, $3.00 postage. 
DFW CHEMICALS, INC., 


214-988-6666 (Texas.) 


-FREE SHIPPING (Кеѕігіс(іопв-Нц 
Бекон Catalog $2.00 Ld rd 


North Palm PO РО. Box 6736, Titusville, 100 
32182. 


орана. 


peri $1. A 
Houston, 


IRATORY EQUIP. 
Refundable price- 

A CHEMICALS, PO Box 342, 
X 77001 


HYPNOTISM 


FREE Hypnotism. Sleep Learning Publi- 
cation DLP, Box 487, Anaheim, CA 92705, 


FREE Hypnotism, Self-Hypnosis, Sleep 
[ие Се юй Drawer 00, Rui- 
ово, 


HYPNOTIZE anyone, Easy Instructions, 
Money Back Guarantee, $5.95 + $2.00 
postage & handliny 
5909 West Loop 
TX 77401 


BOOKS & MAGAZINES 


FAMILY Bibles - Beautiful Bible Stories, 
Beet Bible Cassettes. Details $2.00. Brid- 
Box 5460, Hollywood, FL 33083. 


PUBLISH Your Book! Join our success- 
ful authors. All subjects invited. Publicity, 
advertising, beautiful books. Send for fact- 
filled booklet and free manuscript report. 
Carlton Press, Dept. PS, 11 West 32 Street, 
New York 10001. 


HOW TO CONDUCT AN EFFECTIVE 
SALES MEETING. Send $1.00. GSF, Suite 
Из, 7154 N. University Drive, Tamarac, 

1, 33321. 


„ Current Publications, 
uth, #470D, Bellaire, 


101 FUNNIEST New Jokes, Stories - 
“Enter the Funhouse” $5.00. m Funhouse, 
Box 284PS, Burke 015. 


HOW TO MANAGE YOUR MONEY, 
Know where $$ goes with simple monthly 
idc- RUSH $7.95. P Fennell Co., 10206 
‘enbrooks, Box 1305, Vienna, VA 22180. 


BUY IT WHOLESALE 


CLOSEOUTS! Wholesale! Overruns! 
Freebies! Information (stamp): DDN, Box 
20152-G, Ferndale, Michigan 48220. 


WHOLESALE PARTS for lawn equip- 
ment. Minibikes, Karts, Chainsaws, Small 
Engines. Quality products. Send $4.00 for 
full line catalog. GRP Parts, PO. Box 
45245, Dept. S, Somerville, MA 02145. 


400,000 BARGAINS бүз Whole- 
Е May e 
Tos Mire Arp 
Mer eas КШМ р ышы 
Box 1409-B, Holland, MI 49422. 


РО! 


BUY IT WHOLESALE 


‘SINGAPORE, HONG KONG, TAIWAN 
directories. Listing 11,000 suppliers, 
20,000 products. Buy Direct. Information 
$1.00. Merrick Distributing, Box 274P, 
Merrick, NY 11566 


DO It Yourself Buy Appliance Parts 
Wholesale. Sorg Appliance. Phone (501) 
892-3158. 


PLASTICS 


CASTOLITE Liquid Resins and Molding 

Supplies to cast, embed, coat, fiberglass, 

repair and reproduce; in industry, labora- 

tories, craft work. Catalog $2.00. CASTOL- 

ITE, Dept. 8TG/PS, Box 391, Woodstock, IL 
8. 


PRECISION AIRGUNS 


NEW 1987 PRECISION PRODUCTS 
CATALOG FEATURING RWS DIANA PRE- 
CISION AIRGUNS and Accessories RWS 
Rimfire, Centerfire, and Flobert C. 
tridges, RWS Percussion and Musket Caps. 
Rottweil Brenneke Slugs. For your copy of 
issue #6 send $2.00 for 1st class, $1.00 for 
3rd class delivery to: Dynamit Nobel of 
America, 105 Stonehurst Court, Dept. PS, 
Northvale, NJ 07647. 


MUSICAL INSTRUMENTS 


INTERNATIONAL VIOLIN COMPANY, 
Catalog for instrument makers, repairers. 
Imported tonewood, tools, varnishes, parts, 
accessories, strings, cases. Euro 
instruments, Bows. Assemble yourself vio- 
lin and guitar kits. Catalog 51,00 includes 
10% discount certificate. Dept. LR, 4026 W. 
Belvedere Ave., Baltimore, MD 21215. 


LEARN music ntly! Amaze your 
friends! Catalog. Davidsons, 6727PS Met- 
calf, Shawnee Mission, KS 66204. 


SONGWRITERS 


POEMS-SONGS WANTED. Free Pub- 
lishing/ Promotions, Broadway Music, Box 
7438-PS, Sarasota, FL 33578. 


EMPLOYMENT INFORMATION 


JOBS, Cruiseships, Tugs, Ships, River- 
boats, Oilrigs: Women-Men. Work month- 
Home month. USA + Overseas. Informa- 
tion $3.00 Marine Employment, Box 223, 
Central, IN 47110. 


OVERSEAS $25,000 - $75,000 + 
Free Report! Employment, Box 19760-FS, 
Indianapolis, IN 46219, 


BEST JOBS, HIGHEST Pay —New 
easy method. Guaranteed. FREE report 
reveals secrets, tells how. Nova Systems, 
6901-C North Lamar, Austin, TX 78752 


BUSINESS SERVICES 


INCORPORATE 
Free Booklet Tells How, Includes forms 
Call now. Harvard Business Services. (800) 
345-CORP. 


out Legal Fi 


COMPUTERS 


TI-99/4A Software/Hardware bar- 
кр, Hard to find items. Huge selection. 

‘ast Service. Free Catalog. Enterprises, 
Box 690, Hicksville, NY 11801. 


SOFTWARE, IBM, compatible, or Apple. 
less than $4.00 disc, send stamp for Cata- 
log. PSCa, Box 1057, Capitola, CA 95010. 


DISKETTES —5':" DSDD— .59 each 100% 
error free—blank  jackets—tabs—enve- 
lopes—send money order + $2.00 ship- 
ping. DTR, PO Box 39, New Castle, L 
47362. 


COMPUTERS and communication bil- 
lion $ market, get your share! advanced 
software development report $10.00/report 
and newsletter $39.00. МАР Data 
Researeh, A. Miranda 1128, San Juan, PR 
00921 


BUY-SELL-SWAP New/used PC Hard- 
ware/Software. Send stamped self 
addressed envelope for sample National 
listing. Off-Site, 303 Cedarville, Potts- 
town, PA 19464. 


CARTOONING, SIGN PAINTING 


LEARN Sign Painting, Pinstriping. Free 
Catalog. Kaufman Supply, Centertown, 
MO 65023. 


ELECTRONICS, STEREO HI FI 


RARE Records, All Kinds, Free List. Bet- 
1815 Gardiner Lane, G-59, Louisville, 
KY 40205. 


STOLEN VCRs 


s Crime statistics show that over 700. 
VCRs are stolen every single day 

[ and that burglars are breaking into 
ез lor the VOR. So pro 


- 5) 
hen moved sounds а percng alarm w 
trader Oniy $15.00 (psig nci] 


‘ship samo day PRO Elec 
оп Wayne. indiana 46898, 


EARN $40-$48 PER HOUR 
With only a BASIC knowledge of electron- 
ics, VOU can start your own PROFITABLE 
fullpart time MOBILE TV REPAIRK 
BUSINESS. Write: Dowdell TV, PO. Box 
8057, Temple Hills, MD 20748, 


NEW ELECTRONIC DEVICES. 


* MOTION DETECTOR... 
* 5 MINUTE PARALYZER....... 
+ ALCOHOL BREATH ANALYZER 


Call or write for your tree Ci (402) 554-0383 
United imports a MFO. bee Paci SE 


LAB EXPERIMENTOR MULTI- 
VOLTAGE REGULATED POWER SUPPLY 
printed circuit board only. Can hold 3 Fix- 
ed-1 Variable Positive and 3 Fixed-1 Vari- 
able Negative 1 Amp Regulators. Model 
PS4ECC $29.95. PEPPERKIT ONE, 527- 
10th Street, S| В, ida 89431-0811 

ELECTRONIC-"DATA BANK"-CLOCK 
Y Savers 01 Drop Ir 


To CHERRYWOOD, INC. 
Wenz Cı Dept PS6. Day: 
Й «5405 (OH Ros Add 6° 


5830 Ш Stereo Speoker System with 
built-in amplifier B 2.6 power output 
Size: 4” X 5° X 4^ Ш Can be used with 


e > walk along 
Ei cassette players, 
| compact disc. 
| players and TV 
ا کک‎ e 819.95 


RCIO B FM credit mm 
card radio with mini 

stereo earphones M 

Uses standard AAA 

batteries with appro. 40 hours continous 
play M Fits into your pocket B $9.95. 


FREE CATALOGUE SENT WITH YOUR ORDER 
OFFERING YOU OTHER GREAT ELECTRONIC 
PRODUCTS FROM ‘BILLINGS ELECTRONICS: 


BILLINGS ELECTRONICS: 
P.O. BOX 514 HAYWARD CA 94543 

Please ship the following: 

5830 QTY. RCIO ary. 
‘Add $1.50 per item shipping and handling 
Allow 4-6 weeks delivery. 

C) MASTER CHARGE/VISA# 

Exp. Date — D CHECK C MONEY ORDER 
TOTAL + SHIP. & HAND. 

= AMOUNT SENT 


NAME 
ADDRESS. 


STATE 
SIGNATURE 


| MODELS-SHIPS, CARS, PLANES 


WORKING STEAM MODELS 


KITS OR ASSEMBLED 
| New! Fire Truck. Tractors, Lim- 
usine, Marine, Truck. Locomo- 
tives. & Engines. Two Steam 


Books 68 Coloredpapes $5.95. 


DIAMOND ENTERPRISES 
Dept PSS, Box 537. Alexandria Bay, NY 13607 
Phone: (613) 475-1771 


JOKES & NOVELTIES 


FREE! Worlds most unusual catalog. 
‘Things you never knew existed. 1800 nov- 
elties, science, surprises. Johnson-Smith, 
F-3, Bradenton, FL 34203-3796. 


HOBBIES & COLLECTION 


MILITARY Medals Catalogue $1.00. Sub- 
scription $6.00. Vernon, Box 1387PS, N. 
Baldwin, NY 11510. 


CLOCK WORKS, wood clock blanks, 
epoxy coatings, belt buckles for coins, 
stones, rockhound supplies. Wholesale 
atalog 25e. Eloxite, 806 V Tenth, Wheat- 
land, WY 82201 


Sx mun $200 
"EY 
[TI 


IS тшшш prooucnon, eo. sor sans 
or ы, 


FREE DESCRIPTIVE FOLDER WAL- 
NUT DOLLHOUSE FURNITURE. 
DEPENDABLE PRODUCTS, 12 KENILW- 
ORTH, PROSPECT HEIGHTS, IL 
60070. 


MAGIC TRICKS, PUZZLES 


IMPRESS YOUR FRIENDS. 
SOLVE Rubiks new magic puzzle send 
2.00 sase. BS Guthy, PO. Box 1018, Ar- 
lington, MA 02174. 


ELECTRIC TRAINS 


der are about 24 inches long, nearly 
beauty and power. Also available! real 
“STEAM POWERED TRAIN SETS". New! 
| 20 page full color catalog $2.95 (refund- 


ble) Excellent discounts. 

| ENTERPRISES Dept PST, Box 5 
andria Bay, NY 13607. Phone: ( 
1771 


FORMULAS, PLANS 


LISTING THOUSANDS ONLY $5.00 
(REFUNDABLED GWAG, Box 193, Brook- 
field, WI 53008-0193. 


OPTICS 


THE “HIGH-LITE™ BINOCULAR SUPPORT SYSTEM: 
REVOLUTIONARY SUPPORT 

AND TOP QUALITY BINOC- 

ULARS GIVE A WHOLE 


NEW DIMENSION TO NA: 


БЫ TURE STUDY, SPORTS. ETC. 
CELESTIAL INNOVATIONS 
HCR BX 3228-C, ORACLE. AZ 85623 


FIBER OPTICS kit: Send $12.00. 
MASE, R.D. #1. Box 1033, Orwigsburg, 
PA 17961 


DETECTIVES 


ELECTRONICS FOR SECURITY, 
COUNTERSURVEILLANCE, AND PER- 
SONAL PROTECTION. CATALOG $1.00. 
HUNTERA, BOX 12922, WINSTON- 
SALEM, NC 2717. 


PRIVATE INVESTIGATOR Home-study 
Training Program. Free Information. 
Global, Box 191PS, Hanover, MA 02339. 


DOGS 
TEACH Я 
АМҮ DOG" P 
IN MINUTES 


system, book and 
(device. Al you пава 1o гына and. 
train puppies, doge of M ages. 


Waners, ‘Carson, Dick Cavett. Art 
Linkietier, Mery Griffin ARTICLES: SPORTS AFIELD, 
AMERICAN FIELD, TIME MAGAZINE, TV GUIDE, HUNTING 


А science engineering breakthrough A se of unique 
dog-sound makers that condition dogs incredibly 
fast. Small. Used from the palm of the hand. Near 
hypnotic control, even at а dist No leash 
needed. Novices become experts. This new 
discovery is a learning-sound catalyst that teaches 
direct to the dog s mind. Renders bodily paintraining 
obsolete. Safer. Kind. Yel, more powerlul! Dogs 
simply don fight it. Tunes dogs in, makes them want 
1o please you. Unequaled loyally-bonding. Sar 

instruments and system (the Dr. Miller patents) 
dispensed by veterinarians for dog behavior. Now, 
thousands of satisfied users in U.S. & foreign land: 


From $25 to $175 FREE catalog 


DOG-MASTER SYSTEMS 
467 Wilshire, Box 250, Agoura Hills, CA 91301 


А Division of Envronmental Research Labs Copyright © 1986. 


SALESPERSON DISTRIBUTORS 


THERE IS MONEY 
TO BE MADE SELLING 


Start earning extra cash instantly . . . pus. H 

тоте 230% бадои on apar levshon coron Knapp 

shoes for yourself from the largest direct selling shoe 

company ın the entire country Over 20.000 sales people 

ko outset are making money every day selang rom our 

M colo catalog letting over 250 асте Sas o 

тели колеп коде ти, casus окмот i 

outdoors. Knapp will send you a complete FREE 

SEUNG KI evang үрү кн | 

Saredrameg ea money negate Tee ro nok 

stenyovsetivappcies Wesapotousaespcpe | 

RN | 

Money back guarantee. No cost! Мо Olga! 

Send coupon оду! П 

Thomas Meaty, KNAPP SHOES, One Kapp Cente 
Seco Вост MA 02401 [| 


Name 
Address. 
City. State — Zip ——— 


KNAPP 


America Works 
in Knapp Shoes 


SATELLITE TV 


DESCRAMBLER: Build your own de- 
scrambler & watch Videocipher II Satellite 
TV picture signals, Simple & inexpensive 
circuit board & instructions $35.00 (US). С 
А Comeau, Box 1327, Halifax North, N.S., 
CANADA B3K 5H4. 


JERROLD ("450" DRZIN, DRZID, DPZ), 
SB-3, HAMLIN, OAK N-12, M-35-B, MAG- 
NAVOX, SCIENTIFIC ATLANTA, ZENITH, 
AND MORE. (QUANTITY DISCOUNTS) 
60 DAY WARRANTY. FOR FAST SERV- 
ICE C.O.D. ORDERS ACCEPTED. SEND 
S.AS.E. (60 CENTS POSTAGE) OR CALL 
FOR INFO. (312) 658-6251 


CHANNELS UNLIMITED 
214 N. MAIN STREET 
ALGONQUIN, IL 60102 


NO ILLINOIS ORDERS ACCEPTED 


HEARING AIDS 


HUGE SAVINGS. Eliminate dealer 
markup. Free Trial. Batteries wholesale. 
‘Terms Arranged. Lloyds-PSC, Rockford, IL 


61104. Call 1/800/323-1212 Toll Free. 


ENJOY HEARING 


All-in-the-ear Hearing Aid! Nothing 
over, under or behind the ear . . 

no cords, tubes or wires. Simple 
slip-in fit. Full range volume control. 
45 day trial, NO salesman will call. 
Order your free catalog! Write Better 
Hearing today! 


or call 24 hrs/day 
1-800-824-7888 
ask for Operator No. 372 
BETTER HEARING 
Box 569-69U Brookport, IL 62910 


SUPER SAVINGS! Nowent Finest. All 
save 
ПО, aia 


to HALF! 
by AIR MAIL on HOME 
W TRIAL. FREE Catalog. Write: 


[I MONEYSAVERS, 
П ері. Р: 


А 9530 Langdon Ave., 


60, 
Са. 91343 


$199.95 IN THE EAR AID. NO TUBES, 
WIRES, CORDS. FREE INFORMATION. 
MONROE, BOX 521, BLUEISLAND, ILLI- 
NOIS 60406. 


TREASURE FINDERS/ 
METAL DETECTORS 


FIND old coins, denen gold nugget 
New Patented revolutionary device. Free 
catalog. Gardiner, 47291, №. 7th Ave., 
Phoenix, AZ 8501 


Pay For Your Hobb 


‘With White's NEW 
Professional Series 
Metal Detectors 


Call Toll Free. 


WHITE'S ELECTRONICS 
1-800-547-6911 


Dept. PB-6 Sweet Home, OR 97386 
METAL DETECTOR. Government Sur- 
lus Portable Device Capable Of Detecting 
juried Objects $115.00. Call 1-800-235- 
6222 for Additional Inforı ion. 


BURIED TREASURE 


ith Ultra Sensitive DIRECTIONAL Locator 
SEND FOR 

AEREE INFORMATIVE BROCHURE 

= RESEARCH PRODUCTS 

вох 270270-H TAMPA, FLORIDA 33688 


MONEYMAKING 
OPPORTUNITIES 


“$1,000's WEEKLY"! Mailing Lette: 
FANTASTIC OPPORTUNITY! Start Imme- 
diately! EXCITING FREE DETAILS! Write: 
SUCCESS, #605-PS, Dresher, PA 19025. 


GET RICHI Secret law smashes debts — 
brings cash credit! FREE report!! Wealth- 
lox 4036, Pompano, FL 33063. 


$1000 WEEKLY Home Business Direc- 
tory. Details. Box 2019-PS, New York, NY 
101 


MONEY from discarded tires. Detail 
Brownie, Drawer 53, Fishers, IN 46038. 


IMPORTS over 100 names of foreign 
business contacts. Send $10.00 to: Sky Top 


Enterprizes, Box 21, Serenity Woods Cr., 


Willis, TX 77378. 


‘$100’s WEEKLY Clipping newspaper 
rticles. Free information. MCPI-NC, 231- 
Merrick Blvd., Laurelton, NY 11 


RECOVER FINE GOLD from most river 
wash gravels with unique self made inex- 
pensive device. This is not a Sluice Box or 
a Jig and no moving parts. For hand 
ing or large production. Plans 


eral Research, Box 319, Atlin BC 
Canada. 


PS, Wyckoff, NJ 07481. 


HIGH Profits T-Shirts and Caps. Inex- 
pensive, professional transfer machines, 
supplies. Press Magic, PO. Box 22809- 

LD, Tampa, FL 3362: 


MAILORDER MILLIONAIRE Reveals 


Secrets. FREE Details, McDonnel 
East Long Beach, CA 90814. 


EARN EXTRA MONEY in spare time, 
Hundreds of people have found it profitable 
to serve as independent part-time repre- 
taking subscription orders for 
vorite magazines. No pre 

Receive everyt 


MAKE YOU RICH! Informat 
Richwell International 189 
Avenue, Vancouver, B.C., 
1G 


DISCOVER quick mone: 
now! Only $5.00! K&S Ei 
Strykersville, NY 141 


STOP WASTING YOUR TALENTS! 
YOU CAN'T get rich working for others. 
Astounding book reveals how to generate 
YOUR fortune! Details: Crown Folio, PO. 
Box 6611, San Mateo, CA, 94403. 


FULL/Part-time $180.00 PER Roll Guar- 
anteed taking photographs. Experience 
unnecessary. 35mm camera and film sup- 
lied free. 1-416-182-2100 x 1908. Days, 
Evenings, Weekends 


STAMP COLLECTING 


PENNY 
Catalog. 
Diego, CA 9210 
rprise Collection With Appro 
Box 750128, Petaluma, CA 94 


FREE 10 triangle stamps! Approvals. 
Gordon Davison, 3078, Contoocook, NH 


FREE US Mint Packet With Approvals. 
Carlsons, Rt2 Box 112, Annandale, MN 
02. 


WINEMAKING 


WINI Free 
Catalog. Fast Service. Large Selection. 
Kraus. Box 7850-N Independence, MO 
64053. 


WINEMAKERS - Beermakers Free Cat- 
alog, Low Prices, Free Recipes. Cellar-S, 
Box 33525, Seattle, WA 98133. 


HOME BREWING 
BEERMAKERS! Free comprehensive 


Catalog/Newsletter. William's, Box 2195- 
P7, San Leandro, CA 94577. 


“STAMPS” Federal and state duck 
stamps and Prints, investment Collecti- 
bles. Free Catalog. Depot Ltd, Dept. 007, 
Sullivan, IL 61951. 


DISCOUNT STAMPS Request Coun- 


tries, Free List. Iva Stamp Company, PO. 
Box 197, Hanford, CA 93 


COINS & CURRENCY 


RUBBER STAMPS 


Order “CUSTOM MADE” 


RUBBER STAMPS 


UP TO 4 LINES only 5995 
(Max.30 letters perline) © ea, 


Add 25¢ per stem for postage 
SATISFACTION GUARANTEED 
FAST SERVICE- Your Order Shipped in 5 days! 


We Ship In 3 UNIQUE "CUSTOM MADE" 
"s*9" RUBBER STAMPS 
277] “Stamp & ink pad in compact case 
*30,000 Clear imprints (re-inkable) 

*Up to 4 Lines, 30 Letters/Line 

$4.50 ea. + $.50 postage 

You'll Love Iti... Guaranteed! 


IMPRESSIONS UNLIMITED INC. 
4980 GREEN RD.. CLEVELAND. OH 44128 


RUBBER STAMPS SHIPPED Same 
Day Ordered. Call (1-800-STAMPS2) 
C.Ó.D., Visa, MC. 


OF INTEREST TO ALL 


MESSIAH PROMISED LIFE TO THE 
OVERCOMER. Send for your free copy 
of “The Psychology of Purity & Chas- 
tity” to: Schizophrenics international, 
Р.О. Box 50456, Ft. Worth, TX 76105 


Understand the old Religion 
The Force and the consensus 

reality Gavin & Yvonne Box 1502PS 
Newbern NC 28560 


NEED CREDIT CARDS? BAD CREDIT 
HISTORY? Seven steps that will help your 
credit rating! $1.00. The Idea Co., Box 
2978, Gallup, NM 87301 


MAILING LISTS 


FREE Mailing List Consultation 
Details. GOC-39U, Box 1107, Stuart, 
33494. (305) 334-5205. 1-800-554-5478. 


orders 1-800-843-0755/(515) 
List, Box 1033, Ames, IA 50010. 


RANDOM STATES Available! 
Adhesive 
Guaranteed Oppachinity Seekers 500; 
$25; 1000/$40. Ot 

Shelley, ID 83274. Visa/MC/AmEx. 1-800. 
992-3866. 


‘SHIP-| 
MENT! Adhesive Labels. 100/$10; 200/$16;| 
500/$25: 1000/40. SUN INFORMATION. | 
POB 2653, Falls Church, VA 22042. Mast- 
ercard/Visa 1-703-876-0443. 


HIGH QUALITY Mailing Lists, guaran- 
teed deliverable. Send for FREE details, 
Marshall Gilbert Co., P.O. Box 12925, 
Seattle, WA 98111. 


MAILORDER BUYERS! ALL CATEGO- 
RIES. Computerized in ZIP CODE 
ORDER. These People will respond to 
MAILORDER OFFERS. GUARANTEED 
DELIVERABLE! For full details rush Sase 
to: JPE Mailing Lists, PO. Box 6137-8, 
Macomb, IL 61455. 


CURRENT OPPORTUNITY SEEKERS. 
500 $25, MLM $35. Peel Stick GUARAN- 
TEED. MULTI SOURCE, Box 5565, Morres- 
town, NJ 08057. 


LOANS BY MAIL 


IMMEDIATE Loans to deserving individ- 
uals refused elsewhere, Many plans 
included. Try us! Associates, Box 98-P3, | 
Brooklyn, NY 11235. 


BORROW $40,000 "overnight." Any 
urpose! Free rt. Success Research, 
Box 19739-FS, Indianapolis, IN 46219. 


PHOTO BUTTONS 
‘Your Photo - Your Friends Photo 
Копкон Persona) 
иез your tends: Get several 
214" Sue - Only $1.00 Each 
Get 6 Photo Buttons lor $5 00 
Send one pto or snapshot tor 
ach bufton- Add c tor handing 
BUTTONCO 


Box 242 Late Chartes LA 70606 


FREE MYSTIC PUBLICATION. Write: 
Frater Oribello, 19th St. 4107, 
Bakersfield, CA 


YOU'LL BE READY! to-use First 
Aid emergency charts; magnetized plastic 


FREE MONEY! $300,000,000 Giveaway. 
Grants. Never repay, Details $1.00. Jakla, 


Box 3066-PS eminole, FL 33542. 
VISA/MASTERCARD guaranteed! | 

quas rushed! 

National A, Rich- 


mond, VA 


CASH Available! Rush Addressed 
sped Envelope. Immediate Reply! Sun- 
42P, Bethpage, NY 11714-0042. 


ARAB BUSINESSMEN have money to 
buy/invest. Top finder's fees paid. IMEA, 
687PS1, Box 3574, Newport Beach, CA 
92663, (714) 722-9260. 


BORROW  $500-$40,000! “Ove! 
night" On Signature. Keep indefinitely! 
Action 4P Box 8009, Rowland 
Heights, CA 91748. 


NEED MONEY? Cash, Loans, Govern- 


ске. Send $10. GUARANTEED. D. ent Grants 99% eligible: ige- 
Milan, 6499 NE 7th Ave, 5P22, Boca | ment Grante. 90% eligible no investiga 
aton, FL 33431 York 11598. 
GET VISA and وی ا‎ nete proven 
system, positive results GUARANTEED! 
ONLY $Q99 | | Free Detail, Financial, 535-62, Bellwood, 
PLUS $1.50 SHIPPING & IL 60104. 

О | ааа 
рс.60081 CALCULATOR LIGHTER OLD GOLD, JEWELRY WANTED 
WL-6901 WATCH LIGHTER goa олан оо, genen Gold 

Dealer Inquiries Welcome. Satisfaction Guaranteed. teth, Rings, Diamonds, Watches, Silver, 

Platinum. Mail Articles Today. Free gift 

TOMARA USA He aire Metab | | with Information. Chicago Gold & Pre- 

LA CA 90014 OR ORDER BY PHONE Ста! 624-1759. cious Metals, 10 8. Wabash, Dept. 1057, 
CA RESIDENTS ADO 6 5, SALES TAX Chicago, 60603. 


WIN THE STATE LOTTO'S! Informative 
book guarantees to show you how to 
improve your odds dramati art win- 
ning more tod: Shipping to 
Green Company, РО. Box 8178, Bartlett, 
IL 60103. 


BELT BUCKLES for coins, stones. Spe- 
cialty buckles, jewelry mountings, clock 
Ша. coatings. Wholesale Cata- 

806 V Tenth, Wheatland, 


HAVE HAIR PROBLEMS? Don't lose hair! 
Shure Gold Hair Conditioner is easy to 
Sale $13.00 + Sales Tax + $1.00 
Ever Sure Corp. Dept. PS, 924 E. Main 
St., Suite 109, Alhambra, СА 91801 


TAKE NO CHANCES. Deal with oldest, 
most reliable firm in old gold business. 
Established 1934. We buy Gold, Silver, 
Platinum, Diamonds. Highest Cash. Free 
information. Rose Industries, 29-Y East 
Madison, Chicago 60602. 


JEWELRY 


CLOSEOUT Jewelry. 55¢ dozen (Catalog 
25e). Roussels, 107-1635 Dow, Arlington, 
MA 02174-7199. 


134 | POPULAR SCIENCE 


TO: Classified Advertising Dept. POPULAR SCIENCE, 380 Madison Ave., New York, NY 10017. 


E. Jones, 345 East Main St. 


POPULAR SCIENCE CLASSIFIED OPPORTUNITY MART 


$8.40 PER WORD 


10 word minimum 
BOLD FACE CAPS add $1.00 a word 


WORD COUNT: Each word or initial іп name and address must be counted as a word: John 
counts as SEVEN words. PO. Box 3 counts as THREE words. City, 
standard 2-letter state abbreviation and zip code together count as TWO words. 

DEADLINE FOR ADS: See head of classified section. 


TERMS: Payment with order or charge your VISA, MasterCard, American Express or Diners Club account. 


[ 

| 

| 

| 

| 

| 

| 

| 

L] Remittance of $ is enclosed to cover insertions(s) in the issue(s). | 

C] CHARGE to: Exp. Date | 

| 2 3 4 | 

| 5 6 7 8 | 

| 9 10 ii 12 | 

| 13 14 15 16 | 

| iT 18 19 20 | 

| 21 22 23 24 | 

| 25 26 27 28 | 

| 29 30 31 32 | 

| 33 34 35 36 | 

| your NAME $ РНОМЕ | 

| ADDRESS | 

| cry. STATE. ZIP | 

DATE: YOUR SIGNATURE 

| (PLEASE PRINT OR TYPE COPYeFOR ADDITIONAL WORDS ATTACH SEPARATE SHEET) PS 6-87 | 

aged eae‏ ص اوي ea a‏ ا 
| 
FOR INVENTORS INVENTIONS WANTED BODY BUILDING‏ 


‘WHAT EVERY INVENTOR 


єз Include: Evaluation 
SHOULD KNOW AND MORE FreepubieySompleteersSanmitingigeas Roy Т 

A step by step. comprehensive how to guidebook for every independent inventor who has had or 
has an invention and does not know what to do with it. Everything you ever wanted to know 
about the business of invention. but did not know what or whom to ask is covered in this 
guidebook. You wil leam how to avoid invention пр af crooks, how to develop and market your 
invention. how lo save SthousandsS as well as what methods are being used by successful 
independent inventors and invention marketing firms, AN this is revealed so you can apply these 
imple techniques and proli trom your invention. The all in one do it yourselt guidebook that 
every inventor should have and no entrepreneur should be without 


"Protection Profiting Contracts 
lensing and much much more. 


Please rush my guidebook. | am enclosing my payment of $12.95 Qty 


Name. Address. 


Су. 
CARD NO. ғ. 


State. 
VISA С MASTERCARD [| 


Zi 
NONEYORDER 
EXPIRATION DATE 


CHECK (1 


Signature 


Mail to: Inventors Network, PO. Box 18327, Milwaukee, WI 53218 


PATENT IT ECONOMICALLY! Free 
details. Licensed since 1958. Rainer Asso- 
ciates, 2008 Fondulae, Richmond, VA 
3229. 

NONPROFIT foundation helping inven- 
tors over 11 years. ES 3 recording, forms. 


Free evaluation. ated Inventors 
Foundation, 501-А Iowa, Colorado Springs, 
CO 80909 or Call 1-800-525-5885. 


REGISTERED PATENT ATTORNEY will 
evaluate invention, prepare and prosecute 
atent application. Reasonable rates. 
dwin Schindler, 1523 East 4 Street, 
Brooklyn, New York 11230. 


INVENTORS! Can you patent and profit 

from your idea? Call or write for your free 
information Over a decade of 
service. 
PORATION, 82 Broad Street, Dept. PS, 
jestfield, Massachusetts, 01086. 1-800- 
5656. In Massuchusetts or Canada call 
) 568-3753. 


_ PATENT AND DEVELOP Your Inven- 
" istered Patent Agent and 
Licensed Professional Engineer. Send for 
FREE PATENT INFORMATION Every 
Inventor Should Have. Richard L. Miller, 
12 Parkside Drive, Suite-N, Dix Hills, NY 
11746. (516) 499-454: 


how to offer your invention for 
sale or license. Free Booklet. Outlines 
cedures, royalty rates, requirements. Kes- 
sler Sales Corporation, С-7-Е1, Fremont, 
OH 43420. 


THE FIVE MOST INVENTING IMPOR- 


TANT TRUTHS. By successful, fulltime 
inventor, 45 years experience. $4.50. Suc- 
cess, PO. Box 647, Osterville, MA 


REMAILING SERVICES 


CONFIDENTIAL Mail 
warding. Mail Drop. 
Orlando, FL 32860 


Receiving/For- 
Box 18039PS, 


INVENTIONS WANTED 


INVENTORS! Confused? Need help? 
Call AIM for free information kit. Toll free. 
1-800-225-5800. 


Presentation to industry and exhibition at 
national innovation exposition. Call free 1- 
800-528-6050, Canada, 6064 
X831. Or write: 


INVENTION SUBMISSION CORP-PS 
903 Liberty Avenue 
Pittsburgh, PA 5222 


NEW IDEA? Innovation Center їп Wash- 
assist vou through 


ington, D.C. will 


HONGKONG factory needs several new 
products for their overseas buyers. Send 
product. ideas for royalty evaluation. Can 
produce exclusively Hongkong Plastic 

etal Products Company, Box 696: 
Kwuntong, Hongkong. 


ional 
. Wood- 


INVENTION drawings by profes 
patent draftsmen. Draftart, PO. T 
stock, Virginia 22664 


INVENTIONS WANTED! PATENTVEST- 
MENTS INTERNATIONAL, 1050 Connecti- 
cut, Washington, DC 20036. (800) 628- 
2828 x 592. 


INVENTIONS Developed Marketed. 
Free Invention Certificates. MANU FACT- 
URERS REPRESENTATIVE, Suite 3615- 
PS, Woolworth Building, New York, NY 
10007 


MILLIONAIRE Inventor New Idea? 
Want it presented properly? Send $10.00 
for secret information. Small Enterpri: 
Old Hubbardton Road, Florence, 
05744. 


WANTED To manufacture, market 
selected new ideas & innovative products. 
Prefer steel & construction related. If you 
have a product, we have the financial & 
manufacturing capabilities, 303-759-3200 
Ext. 290. Sun rd Man turing, 6800 E. 
Hampden Ave., Denver, CO 80224 


IIVENTOREI If you have an invention. 
rite for free booklet 
help you. Ki 

eemont, OH 


BETTER HEALTH 


HEART ATTACK 


FREE REPORT. | survived heart attack Quit 
doctors. Used 90+ day painless technique. Cancel- 
led surgery— Tossed out pills— Ended discomfort. 
Feel & look younger. Regained health. Laugh at 
doctors & pills. | am a new man. Helping others 
Free proo-SEND NO MONEY--only name and 
address! Survival, Box 3256, Austin, Texas 
78764. Dept20 


rts. Proven, Painless, Formula. 
00 to: Wart Relief, Box 9286, Mesa, AZ 
85204-0440. 


GOV'T SURPLUS 


1S It True You Can Buy Jeeps for $44 
through the U.S. government? Get the facts 
today! Call 1-312-742-1142 Ext. 4606. 


GOVERNMENT AUCTIONS, Personal 
Property or Real Estate, List $9.50 per 
State, STCC, Artesia, CA 90702-0903. 


Autos... Vans... Boats . Airplane 
Surplus Bargains ~ many 1 
“Nationwide Sales Director: 
posal, Box 19107-FS, 
20036. 
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‘Blowgun World. Inc. Box 25183-P Salt Lake City, UT 84125 


How to Build A More 
POWERFUL ВООҮ!! 
How YOU can have 
"Wider Shoulders Bigger Arms 


»werlul Chest "Lose Fat 
Summer Wam "Gen Weight 
‘Gain Ld ы 

FREE BOOKLET 
Universe. Dept T, Box 6604 
Оол, Michigan 48240 


can help you 


{ + add inches to your 
f chest and arms 

increase strength 
build muscle mass, 
in just days! 


V sang tor FREE into! 


SPORTING GOODS 


SLING Pistol Great For Hunting $10.99. 
Ammo Included. Attrell, Box 50005, Dal- 
las, TX 75250, 


TRY SOMETHING OLD: Ice age we: 

ns: Spear, Throwers, Target Spears. Tate 
Enterprises, Box 110755, Aurora, CO 
80011. 


IRATUM 
| ому 324.55 500 
(Ê MC/VISA orders: 1-800-351-2274 


JOHNNY MAC'S FACTORY ‘OUTLET 
РО BOX 37080896. 


NEW 6 FT. “4IN 1 TINT 
Й “Mote БЦ 
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Product Information 


Booklets, catalogs, and folders listed below provide reliable information, illustrations, and specifications to help you in planning the purchase 
of a variety of products or services offered by these dependable companies. The convenient order form will save you time and postage. 
Orders will not be processed unless accompanied by the $1 handling fee. For your safety, please do not send cash. 


601 Power Equipment This color brochure 
from American Honda Power Equipment fea- 
tures its full line of lawn mowers, riding mow- 
ers, lawn tractors, generators, pumps, tillers, 
outboards, and snow throwers. Specifications 
for each model are detailed. Free 


602 Outdoor Storage A 24-page color 
booklet from Arrow Group Industries gives tips 
on planning and purchasing storage buildings. 
The literature includes photos of the various 
Arrow models and ideas for creative usage. 
Free 


603 Automotive Accessories Color litera- 
ture from Brahma Industries describes prod- 
ucts to enhance your vehicle. Featured are 
Flofit car covers that protect your car from 
the elements as well as from theft; and Flofit 
Sport seats, designed with quality and made 
for comfort. Free 


604 RV Water Heaters — Literature from 
Chronomite Laboratories features its tankless 
water-heating system for recreational vehicles. 
Specifications of the Instant-Flow line are in- 
cluded, as well as warranty information. Dealer 
outlets and installation guidelines are in- 
cluded. Free 


605 Traffic Radar Information from Cin- 
cinnati Microwave explains the principles be- 
hind traffic radar, including limitations that 
can result in incorrect speed readings. The 
literature also details the Escort and Pass- 
port radar receivers. Free 


606 Outerwear А 15-page full-color cata- 
log from Columbia Sportswear features its line 
of quality outdoor wear, including ski, hunt- 
ing, and fishing apparel. $1 


607 Hotel Directory Days Inns of Amer- 
ica provides a complete listing of over 400 
hotels nationwide. Locations, maps, property 
descriptions, room rates, and program partic- 
ipation listings are included in the directory. 
Free 
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608 Mowers and Tractors A 24-page full- 
color catalog from Deere and Co. gives in- 
formation, specifications, and a listing of 
attachments for John Deere riding mowers and 
lawn tractors. Free 


609 Hobby Tools Dremel’s consumer cat- 
alog contains photos and information on the 
Moto-Tool line, including attachments and ac- 
cessories. Other bench-top tools for the do-it- 
yourselfer or hobbyist are featured and their 
uses explained. Free 


610 Automotive Window Film A four-color 
brochure from Gila River Products describes 
its Optical Grade Window Film that performs 
like expensive sunglasses. A written guaran- 
tee ensures color stability for the life of the 
vehicle. Free 


611 Helicopters A new 16-page catalog 
from Gorham Model Products features a line 
of radio-controlled model helicopters for nov- 
ice and advanced flyers. The informative 
literature includes product photos and descrip- 
tions. $1.50 


612 Residential Locksets This full-color 
brochure from Kwikset describes the compa- 
ny's unique designs and architectural lockset 
styles for the home. Doorknobs, levers, en- 
trance handle sets, and deadlocks are shown. 
35e 


613 Garden Accessories А six-page full- 
color brochure gives detailed information on 
Lawn-Boy's 1987 line of self-propelled mow- 
ers, push mowers, and gas trimmers; a new 
blower attachment and thatch remover; as well 
as other lawn-and-garden accessories. Free 


614 Navigation A four-page color brochure 
from Magnavox describes the Geonav elec- 
tronic navigation device. For pleasure craft 
use, the Geonav uses digitized maps from the 
U.S. Coast Guard and provides an automatic 
method of plotting a course throughout most 
popular areas of the world. Free 


POPULAR SCIENCE Р.О. Box 322, Dalton, Mass. 01226 
Note: POPULAR Science Massachusetts address is for Product Information only. 


Please send the items checked below. | am enclosing $1 handling charge (any 


615 Digital Video The full-color brochure 
from MultiVision Products describes the Mul- 
tiVision 3.1, which turns any TV into a re- 
mote-controlled digital MTS stereo set. Two 
channels can be viewed simultaneously, mul- 
tiple video sources can be swapped, and au- 
tomatic scanning and action freezing are 
possible on a variable-size, movable picture. 
An audio amplifier drives stereo speakers di- 
rectly. Free 


616 Red Cedar Sidewalls Тһе “Wallbanger 
Pocket Guide," from the Red Cedar Shingle 
& Handsplit Shake Bureau, contains step-by- 
step instructions for sidewall application of 
red-cedar shakes or shingles. This guide can 
save you 60 percent on labor alone. $1 


617 Home Security А brochure from 
Rocky Mountain Automation describes the 
Night Guardian Light Control. For security and 
safety applications, the device turns on lights 
as it detects body heat from someone ap- 
proaching your house. 50e 


618 Locksets А booklet entitled “The Bur- 
glar Doesn't Ring Twice," from Schlage Lock 
Co., provides tips on choosing and installing 
home locksets. Included is information on 
Schlage do-it-yourself home security systems 
and general anti-theft precautions. Free 


619 Yard Care A well-illustrated 12-page 
brochure from Tanaka iists its line of brush 
cutters, hedge trimmers, leaf blowers, and 
more. A new line of gas-powered trimmers 
with push-button start are introduced. Ta- 
naka's lubricants for maximum engine per- 
formance and corrosion resistance are also 
outlined in the brochure. Free 


620 Moving Guide А 27-page guide from 
U-Haul includes information on how to choose 
the right truck or trailer for your move and 
how to estimate the total cost. A handy “plan 
your move" chart, as well as packing, load- 
ing, and storing tips are provided. Free 


136 | POPULAR SCIENCE 


Please send check or money order made out to PoPuLAR SCIENCE. 
No stamps or foreign currency. Allow approximately six weeks delivery. 
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There's no other 
truck like it. 


i г А 4 4 ° 2 e ! e 
With full-sized ability and compact agility, Dodge Dakota is in а Class "x bitu 
itself. Ready to haul'with available V-6 power, eight-foot bed and 2,550. Jb, = 
payload. The rival of some full-sized Ford and Chevy pickups. And.the^* -sa 
envy of every compact around. Whats more, when you choose Dakota as 
your pickup, you get plenty of choice. From a no-nonsense Dakota.S at 

only $6,590; to the dressed-up and ready-for- 
Saturday-night Dakota LE shown above. Still, 
only $9,769* So buy or lease a new mid-sized 
Dodge Dakota. It’s a singular sensation. 


"List prices exclude tax & destination charge. 
*"Best Built" based on survey of owner problems 
with '86 light trucks designed & built in No. 
America & sold Oct.-Nov. '85 (5 mos. avg. usage). 
See 7/70 powertrain & 7/100 outer body rust-thru 
limited warranty at dealer, Restrictions apply. 
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DIVISION OF CHRYSLER MOTORS 


CAN TRUCKS 


BUCKLE UP FOR SAFETY. 


ARNING: Cigar 
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